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his book discusses the principal questions of organization and 
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| planning of an aircraft construction enterprise: the forms and meth- 

| ods of the organization of production, the productive and organiza- 

| tional structure of the enterprise, the administration of the enter- 
prise, the organization, standardization and payment of labor, the 

| technical preparation and servicing of production, and the internal 

planning in the plant. 

: This book also includes a number of standards, so that it may 


be used as a handbook in practical work. 
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This book is an attempt at a systematic exposition of the subjects of organiza- ® (Y 
tion and planning of an aircraft construction enterprise». 

The book has been written for the engineering and technical staff of the avia- 
tion industry, and may also be useful to students of higher institutes of aviation. INTRODUCTION 
he book discusses the principal questions in the organization and planning of 


The subject of this branch of study is the organization and planning of the 
an aircraft construction enterprise: forms and methods of organization of produc- 
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production-economic and financial activity of a socialist aircraft construction en- 
tion; productive and organizational structure of the enterprise; administration of 


terprise. 
the enterprise; organization; standardization and payment of labor; technical prep- ad 


EL 


Other special courses of study do not cover the enterprises as a whole, but 


aration and servicing of production; and internal plant planning. As far as pos- 
merely investigate some definite portion (aspect) of production: some only the 
sible, I have attempted, in discussing these questions, to give full consideration i E po pect) P i 
methods of designing machines, others, the materials of which they are manufactured 
to the advanced experience of USSR and foreign aircraft construction plants. E ? ? y , 
. . still others, the processes of their manufacture, etc. 
Several standards have also been included in the book, which permits its use 
In the course of study "Organization and Planning of an Industrial Enterprise 
as a handbook in practical work. ccs E died 
, e the action of the economic laws of socialism is investigated under the conditions 
I consider it my duty to express my gratitude to Professors A.N.Ter-Markaryan y 
: - of a specific enterprise, and, in accordance with the demands of these laws, the 
and N.A.Orlov, to Engineer V.I.Zaytsev and to the reviewers, Assistant Professors z 
E : : 2 principles and methods of the planned organization of production are developed. The 
A.A.lapshin and R.M.Tarasevich and Engineer V.F.Novatskiy for their valuable com- 
Socialist State industrial enterprise is considered as the fundamental element of B 
ments ‘made in looking through and reviewing the manuscript. : E A . f 
cialist indust as the unit productive-economic organism. 
I also express my thanks to all persons who have helped me, by their advice, to so ustry, pr 
: Y f the Communist Party USSR has pointed out the importance of 
work out individual chapters of the book. ina Congress o SOON S R HM po , po 
j ineering and technical personnel the methods of organizing and 
Since this is the first work on this subject item, it is naturally not exempt eee shee pt d Mind NE medo 
nnin d profitab ductive and economic activity of the socialist 
from faults. I shall accept with thanks all comments and suggestions directed to- asd d LE E T E = d : 
ise. ' i hat d f : 
ward improvement of this book. enterprise. ‘the resolution of t Congress reads as follows 
; "It is necessary that young engineers and agronomists, after graduation from 


The Author the educational institutions, shall have sufficient knowledge with respect to the 


specific economy and organization of production" (Bibl.1). 


This book will consider the problems, organization, and system of iz a 
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tion of the Socialist State industrial enterprise; it will describe the forms of 
specialization of the aircraft construction industry and the advanced methods of 
organization of its technical preparation and servicing; the methods of labor organ- 
ization, standardization, and wage payment; the procedure for the preparation of the 
technological, industrial, and financial plan of the enterprise, the calculation and 
analysis of the economic indices of its profitable operation; the methods of opera- 
tional planning of the industrial process in time, assuring a rhythmic course of 
production and uniform delivery of the finished product, in accordance with a pre- 
determined schedule. 

The economic indices are the measure of the rationality of the systems of or- 
ganization of production and labor to be recommended, since "always and in all 
things there must be calculation as to what is more advantageous and what is less 
advantageous, what will yield a greater economic effect and what will yield a lesser 
economic effect" (Bibl.2). For this reason, economic questions are discussed in 
this course in inseparable combination with all of its divisions. 

In this book, the exposition of the material is limited to a description of the 
systems and methods of organizing and planning the industrial activity of the enter- 
prise, as its primary activity. The questions of organization and planning of the 
nonindustrial activity of the enterprise will be merely listed in this textbook, in 
order to avoid overloading it. 

Production is social everywhere and under all conditions. It never remains 
static for a long period at a single point, but is always in a state of flux and 
development. ‘the changes and development of production always begin by modification 
and improvement of the implements of production. ‘the technical aspect of social 
production is studied directly by the natural sciences, while its economic aspect is 
studied by the economic sciences. the study course "Organization and Planning of an 


Aircraft Construction Enterprise" is a part of the system of economic sciences and 


is related, on the one hand, to the courses of political economy of socialism and of 
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industrial economics and, on the other hand, to the technological subjects: study 
of materials, machine design, machine-building technology, and safety measures. In 
this course, the economics of the enterprise is studied in intimate connection with 
the development of the technology of production, since "the economist must always 
look forward, toward technological progress, otherwise he will immediately slide 
backward" (Bibl.3). 

In the organization of production, objective and subjective aspects must be 
distinguished. 

The objective aspect resides in the inseparability of the organization of prod- 
uction from the method of production, organization reflecting the economic essence 
of that method and characterizing its internal structure and coordination of its 
processes. 

‘tthe objective aspect of the organization of production is conditioned by the 
economic laws of a given society; it cannot be arbitrary and unfounded; human beings 
are unable to modify or eliminate its essential nature and basic characteristics to 
conform to their own views. For instance, it is impossible to provide constant 
planned expansion of a capitalist enterprise, since the economic law of competition 


and anarchy of production governs capitalist society. On the other hand, the ex- 


istence of social property in the implements and means of production, and the opera- 


tion, in the socialist society, of the law of planned, proportional development of 
the national economy makes the planned development of socialist enterprise an ob- 
jective necessity. Such functions of socialist production as administration, stand- 
ardization, planning, wage payment, accounting, etc. are an objective necessity, 
without which the socialist enterprise cannot function. 

‘he specific systems, methods, and forms of organization of production, on the 
other hand, constitute the subjective aspect of the organization of production, 
For instance, 


which may either encourage the expansion of production or retard it. 


the use of progressive standards of output and corresponding forms of wage peyment 
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stimulates the growth of labor productivity. On the other hand, the use of statis- 
tical standards based on past experiences, and of obsolescent forms of wage payment, 
encourage lack of personal responsibility, wage equalization, and high labor mobil- $ 
ity. 

Methods and forms of organization of production are effective where they cor- 
respond to the objective side of production and encourage its expansion. For in- 
stance, the use of the production-line method in processing technologically uniform 
parts, in the assembly of typical units, etc, leads to better utilization of equip- 
ment and.considerably increases the labor productivity. On the other hand, the use 
of the production-line method in a department handling parts of different natures 
and with operations of different duration, may adversely affect the utilization of 
equipment and lower the productivity of labor. 

The more the systems, methods, and forms of organization and planning of prod- 
uction correspond to the demands of the economic laws of socialism, the stronger 
will be their influence on production. 

In the socialist method of production, enterprises are not considered separ- e 
ately but as links in a single chain, of a branch of industry, of an economic re- 
gion, or of the entire industry of our country. ‘the problems and plan of an indust- 
rial branch or of an economic region determine the problems and plan of each enter- 
prise that forms a part of it, while the organization and planning and production in 
industry provide an organic relationship between the enterprises and coordinate 
their work. In turn, the successful and timely fulfillment of the State Plan by 
each enterprise has a favorable effect on the fulfillment of the plan of socialist 
industry as a whole. 

All sides of the operation of a socialist enterprise are considered in the con- 
text of their interrelations, their interwoven causal relationships, their mutual 


development. 


The history of socialist development is the history of the development of the 
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methods and production, which have superseded each other throughout the course of 
the centuries. To each method of social production there correspond its own forms 
and methods of organization, which have developed and changed with the developnunt 
of production. 

The invention of machines, which has led to the conversion of handicratt and 
manual production into machine production, and to the development of large-scale 
industry, has marked a turning point in the means of production, and in the organ- 
ization of production. 

In the manual method of production, the subdivision of the productive process 
depended on the specialization and qualification of the workmen, i.e., on a subject- 
ive factor, which excluded the possibility of the scientific division of the labor 
process, but in the machine method of production, the subjective principle in the 
division of labor is eliminated. In the machine system, the productive process is 
dissociated into its component elements in accordance with the laws of science, re- 
gardless of the individual qualities of the workmen. To the machine system, the 
workman is a pre-existing material condition of production. 

The rise of large-scale industry was accompanied by an immense concentration 
of capital, by the centralization of production in the hands of the capitalist, by 
an enlargement of the scale of production and of the number of workmen employed at 
an enterprise, as well as by the spatial expansion of the enterprise and the per- 
fection of its technology. Under these conditions, the methods of organization and 
administration of the enterprise assumed great significance; She capitalist was 
concerned with their improvement, in order to intensify the exploitation of the 
workmen. This explains the increased interest in questions of the organization of 
production, and the appearance, during the first quarter of the “wentieth Century, 
of various theories of the profitable organization of production. 

The Taylor system, followed by that of Ford, enjoyed the widest vogue in capi- 


STAT of 


talist enterprises. ‘the American engineer Taylor worked out a functional Sy=---. 
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production management and new methods of intensifying the working day. Taylor rec-- 
ommended an analysis of the labor process, its division into its elementary steps, 
the elimination of the superfluous elements from such steps, and the selection of 
the most productive, the indoctrination of the physically strongest workmen in the 
rapid execution of these steps, and the establishment of a standard daily production 
rate based on their output. 

Taylor developed a piecework-progressive-penalty wage system, which, in con- 
nection with high daily output quotas, sharply intensified labor, and assured a 
high rate of profit to the capitalists. V.I.Lenin unmasked the slave driving, ex- 
ploiting essence of the laylor system in a series of articles (Bibl.4), stating, 
however, that the Taylor system did contain some scientific and progressive ele- 
ments, which should be applied to socialist production. "...The laylor system, like 
all the progressive elements of capitalism, combines the brutality of bourgeois ex- 
ploitation with a number of extremely rich scientific achievements in the analysis 
of mechanical motions in labor, the elimination of unnecessary and unskillful mo- 
tions, the working out of the most correct working procedures, the introduction of 
the best systems of accounting and control, etc." (Bibl.5). 

A further development of Taylorism in the organization of capitalist production 
was the Ford system. In the Ford automobile plants, wide use was made of inter- 
changeability and standardization of the elements of design, of the mechanization 
of production, the rationalization and simplification of labor motions, and created 


lines in continuous operation, conveyors and transporters, directing all these mea- 


sures to speeding up the rate of the production by sharply increasing the workmans! 


expenditure of miscular and nervous energy, at the expense of premature exhaustion . i 


of his strength. 
Fordism leads to the sharp intensification of labor, owing to the use of con- 
tinuous-acting machinery and conveyors, compelling work at high speed. 


Such systems are widely used in capitalist industry today, where the intensifi- 
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cation of labor is continuously increasing. ‘the state apparatus of capitalist 
countries, which is completely in the hands of the monopolists, introduces anti- 
labor legislation, like the Taft-Hartley law, which legalizes slavelike conditions 
of labor and the suppression of organized resistance to capital. ‘this is vividly 
confined by the class, bourgeois, character of the capitalist rationalization of 
production. 

‘he existence of private property in the implements and means of production, 
the operation of the law of competition and the anarchy of capitalist production, 
all make the process of production unstable and dependent on the rise and fall of 
the market conditions. 

Lenin said: "Capital organizes and systematizes labor in the factory for the 
further oppression of the workman and to increase its own profits. But chaos re- 
mains and increases in all social production, leading to crises, when the accumu- 
lated riches find no purchasers, while millions of workmen perish and starve, not 
finding work" (Bibl.6). 

The bourgeois "science" of rationalization of production and of the administra- 
tion of a capitalist enterprise sets forth the forms and methods of exploitation of 
the workmen, which assure the capitalist maximum profit, propagandize and extol the 
capitalist method of production, while concealing its true aims and means from the 
workmen. 

The scientific discipline, dealing with the organization and planning of so- 
cialist production follows different objectives. This discipline, in accordance 
with the demands of the economic laws of socialism, and of the economic policy of 
the Communist Party and the Soviet State, is concerned with the questions of 
strengthening and development, in every possible way, of the socialist enterprise, 
with the questions of the steady increase of output, of improving its quality and 


lowering its production cost. For these purposes, it studies and systematizes the 


accomplishments of science, technology, and the advanced experience of the :STATa- 
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‘tors of industry, and helps to improve the methods of production and the socialist PART ONE 


.forms of labor organization. 


af BASIC PRINCIPLES OF ORGANIZATION AND MANAGEMENT OF 
The social ownership of the means of production, and the planned conduct of the Q. 


AN AIKCRAFI-CONSTRUCTION ENTERPRISE 
national economy, have created all conditions for the organization of the 


productive-economic activity of each socialist state enterprise, based on strictly ? 


CHAPTER I 
scientific principles, which are characterized, on the one hand, by scientific prin- 


ciples and methods of organization of production, financial, and economic activity, THE STATE AIRCHAFT-CONSTRUC'ION ENTERPRISE AND THE FUNDAMENTAL 


which are common to all enterprises, and, on the other hand, the consideration of PRINCIPLES OF I'S ORGANIZATION 


the specific features of each branch of industry, due to the forms and scales of 


the product produced by them, and of the technology of its manufacture. Section 1. Definition and Characteristics of the Enterprise 


The branch of science dealing with the organization and planning of the enter- 
The Socialist State industrial enterprise, as stated by Lenin, is an enterprise 


VERRE E time me 


prise will help the managers of production steadily to improve the organization and 


; š : s of consistently socialist type in which the production means, the building site of 
economics of the enterprise, and will help the workmen to enhance labor productivity; 


th j and th t i hole, bel to the Socialist State 
and this branch of science is, in turn, enriched by the advanced experience of the a dr DE SNH UCR EP AR Ree S MUR RU TURAE 


best production workers. (Bibl.7). 


The Socialist State industrial enterprise is the property of the people and is 


| 
organized and conducted by the State for maximum satisfaction of the material and 
cultural needs of society. 


The State regulates, plans and controls the productive, economic, and financial 


Sf ete Hf 


adtivity of the enterprise and issues a State assignment for it to produce an in- 
dustrial product. The assortment, quantity, quality, and production cost of the 


production process is established, for the enterprise, by the plan of development 
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a . The fulfillment of the State assignment in all its technical-economic indices, 
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A 


of socialist industry. 


on the basis of continuous technical progress, of the growth of labor productivity, 
and of the fuller utilization of the internal reserves of production, is the basic 
task of the enterprise. 


The State industrial enterprise is the basic productive-economic unit STATO- 
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cialist industry, which, according to plan, carries on production, markets the in- 


dustrial product, and is characterized by productive-technical, organizational- 
administrative and financial-economic unity. 

In production-technology, an enterprise consists of a system of operating ma- 
chines, selected, with respect to number and power, in proportion to the type and 
scale of production. 

The technological productive unity of the enterprise is characterized by the 
completeness of the productive process, causing the raw materials and work in pro- 
gress, during their conversion into the finished article, to pass through a number 
of interrelated production stages. According to the forms of division of labor and 
to the specialization of the production stages adopted, sections, departments, 
shops, and technical services are established at the enterprise, and are interre- 
lated by the general plan of the enterprise and by its productive structure. 

With respect to organization and administration, an enterprise is characterized 
by the existence of a collective of workers and a system of management of the in- 
dustrial activity of that collective. The enterprise possesses the rights of a 
legal person, and within the limits prescribed by its regulations, possesses admin- 
istrative and economic independence. ‘lhe managers of the enterprise are responsible 
to the State for the results of their management. The State organizes the work of 
the collective of the enterprise in accordance with the principles and methods in- 
herent in the socialist method of production. 

With respect to financial and economic affairs, the enterprise is an independ- 
ent productive-economic organism in the industrial system, which performs its activ- 


ity in the manufacture and realization of its product in a profitable manner, on the 


basis of unsubsidized self-support*. 


‘translator's note: Khozraschet, i.e., having all the attributes of a State-owned 


corporation or "authority", as distinguished from a governmental department. ‘the 


term will hereafter be, quite conventionally, rendered "unsubsidized" or "nonbudget". 
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o attain high economic indices in the fulfillment of the plan, the state en- 
dows the enterprise with a certain economic autonomy in the field of production and 


in the field of circulation. 


the activity of the enterprise is subdivided into industrial and nonindustrial. 

The industrial activity is composed of the processes of production, reproduc- 
tion, and distribution and is directed toward the fulfillment, by the enterprise, of 
the State assignment for the output of finished products. The sphere of production 
includes technical preparation of production for the manufacture of the product, the 
production process proper, and the technological servicing of production. The activ- 
ity in the sphere of reproduction is composed of the organized selection and train- 


ing of cadres, of the organized work to improve their qualifications, as well as of 


the processes of renewal and expansion of the production means. The economic activ- 
ity in the sphere of circulation includes the material and technical supply of prod- 


uction and the processes of marketing the finished product. 


The workers of the enterprise, employed in the branches of industrial activity, 
belong to the industrial group. 


The expenditures of the enterprise for industrial activity are included in the 


production cost of the finished product of the enterprise. 


‘the nonindustrial activity of an enterprise is directed toward the fuller sat- 


isfaction of the material and cultural needs of its workers. The nonindustrial 


activity of an enterprise includes the construction, operation and maintenance of 


housing, restaurants, baths, nurseries, kindergartens, clubs, boy-scout camps, rest 


homes, etc, and also the conduct of various subordinate industries: lumber procure- 


ment, stone and sand quarrying, etc. The, relative extent of the nonindustrial act- 


s industrial activity. whe more 


ivity of an enterprise depends on the results of it 


profitable that activity, the larger will be the funds available to the enterprise 


for improving the personal and cultural services to its workers. 


The workers of an enterprise in the branches of nonindustrial activityS TADng 
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to the nonindustrial group. ‘the expenses of an enterprise for nonindustrial activity in accordance with the plan, by all units of the enterprise. The planned nature of 


are not included in the production cost of the finished product of an enterprise, : the activity of the departments of the plant management and its auxiliary services 


and.are charged to net income, or to special appropriations. i is expressed in the timely and careful material and technological preparation of the 


shops, and in the assurance of their uninterrupted operation. ‘rhe planned nature of 


Section 2. Basic Principles of the Organization and Planning of the Socialist In- 
dustrial Enterprise the shop operations means the rhythmic operation and output of finished product in 


accordance with a predetermined production schedule. 
The organization and planning of a Socialist State industrial enterprise are 


‘the planned nature of the development of socialist production provides immense 
based on the following fundamental principles: 


advantages in the operation of the enterprises: it permits the organization of 
1) Planned work of the enterprise to fulfill the State assignment; 


production on the basis of specialization and cooperation, the application of the 
2) Technological progress of production and maximum utilization of technology; 


achievements of science, technology, and advanced experience, the more complete 
3) Socialist competition and utilization of advanced experience; 


utilization of material and labor reserves. 
4) Enhancement of the qualification of the cadres and payment for their labor 


The technological progress of the Socialist State industrial enterprise is due 
in accordance with its quantity and quality; 


, to the demands of the fundamental economic law of socialism of the uninterrupted 
5) Observance of a regime of economy and strengthening of unsubsidized oper- 
expansion and improvement of production on the basis of the highest level of tech- 
ation. 
' nology. The application of the highest technology, electrification, combined mech- 
The planned work of a Socialist State industrial enterprise is due to the de- 


> anization, and automation of the productive processes, permits the replacement of 
mands of the economic law of planned-proportional development of the national econ- 


manual labor by machine work, assures the continuous operation and speed of the 
omy, and is directed toward the fulfillment of the State assignment by the collec- 


production processes, and high rates of growth of labor productivity. The techno- 
tive of the enterprise with respect to all economic indices. The State assignment 


; logical progress of a machine-building enterprise means the production of more econ- 
to the enterprise is a component part of a single plan of development of the nation- 


omic and improved machines for the national economy, the provision of the most mod- 
al economy. Success in the fulfillment of the plan of socialistic industry depends 


ern equipment for industry, the use of advanced methods of technology and organiza- 
on the timely and optimum fulfillment of the plan by each individual enterprise. The. 


. : tion of production. 
enterprise is therefore the fundamental unit in the management of industry, and the 


The technological progress of a socialist enterprise is accomplished in ac- 
State assignment is law to it. ^ 


cordance with plan, and finds its reflection in the interrelated plans of techno- 
On the basis:of the State assignment, the enterprise draws up its own plan of 


A logical expansion of production and of organizational-technological measures, The 
technological, industrial, and financial operation, the tech-ind-financial plan, 


. plan of technological development reflect the State assignment for the incorporation 
which contains'a schedule of the specific technological, organizational, and finan- 


: in production of the latest accomplishment of science, technology, and advanced ex- 
cial measures which will assure the fulfillment of the assigned tasks. STAT 


perience. The plan of organizational-technological measures contains suggestions 


The work on the fulfillment of the tech-ind-financial plan must be accomplished, 


j STAT 
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' and inventions by the workers of the enterprise, directed toward the more complete 


utilization of the internal reserves of production. ‘The realization of these mea- 
sures encourages the improvement and more complete utilization of the existing e- 
quipment, and helps to fulfill the technological and economic indices established by 
the State assignment. 


The development of socialist competition and the wide utilization of advanced 


` experience is the fundamental method of organization of production in the socialist 


enterprise, a method reflecting the active and creative participation of the workers 
in the improvement and expansion of production. Socialist competition reflects the 
new socialist productive relationships between the workers of ‘the industry of the 
enterprise: the relation of comradely collaboration and of socialist mutual aid. 
These relations are due to the existence of public ownership of the production 
means, to the liberation of the laborers from exploitation, and to the distribution 
of the products produced by society in the interest of the laborers themselves. 'lhe 
laborers are directly and vitally concerned with the development and improvement of 
their production, since the rise in the material and cultural level of their lives 


depends on it. The primary element in socialist competition is the wide dissemina- 


, tion of advanced experience, the comradely aid given by the skilled workers to the 


less advanced workers, in order to obtain a common rise. The active participation 


` of the workers of an enterprise in the expansion of production is expressed in their 


conscious compliance with strict labor discipline, in the development of criticism 
and self-criticism, in an economical attitude toward socialist property, in the 
struggle for the enhancement of labor productivity. 

The improvement in the qualifications of the personnel and the payment for 
their labor in accordance with its quantity and quality is conditioned by the de- 


mands of the law of steady growth of labor productivity and the law of distribution 


according to work. In the socialist enterprise, the decisive force is the personnel, 


its technical qualifications and political awareness. The steady rise in the quali- 


14 


9 


D 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


fications of the personnel ensures the development of a new technology and a more 
complete utilization of the existing technology, accelerates the growth of labor 
productivity, and eliminates rejects and scrap. ‘the increase in the level of quali- 
fication and culture of the workers, together with the planned increase of their 
number, is a characteristic feature of the socialist training of adren, An exten- 
sive system of general educational and technological groups and schools is organized 
at the plants, and branches of technicums and higher educational institutions are 
organized, allowing the Soviet workman to become a highly qualified specialist at 
his job. Payment in accordance with the law of distribution according to work 
guarantees equal pay for equal work, relates the personal interest of the workers to 
their social interest and provides them with a material incentive in the improve- 
ment of their qualifications, in the better utilization of technology, and in the 
growth of labor productivity. 

The higher the qualification of the workman and the higher his output, the 
higher will be his earnings. The State increases the real wages of the laborers 
and improves their living conditions and cultural services to them, thereby comply- 
ing with an important economic axiom, namely that an increase in the productivity . 
of labor must precede a rise in wages. 

Observance of the regime of economy and strengthening of unsubsidized opera- 
tion is due to the nature of socialist production, whose growth is Jouen on 
the basis of the resources themselves and of the inner sources of TE T For 
this reason, the constant reduction of the expenditure of living and materialized 
labor per unit product is an objective necessity. 

The essence of the regime of economy resides in the thrifty attitude toward 
socialist property, in a wise and conscientious expenditure of labor, material and 
financial resources, in preventing losses and unproductive spending in the fullest 
utilization of the internal reserves of production. The regime of economy ^ care 


TAT 
ried out at all socialist enterprises, and unsubsidized operation is its primary 
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method. facturers of the United States produced 14,400 in 195,. The orders for aircraft 


Unsubsidized operation is the method of planned conduct of the economy of so- production increase from year to year. In 1955, the aircraft companies had military 
cialist enterprises, which demands comparability of the expenditures with the re- 9 O orders amounting to 22.5 billion dollars. The air forces and aviation industry are 


sults of production expressed in terms of money, the replacement of the expenditures expanding at an intensified pace in other capitalist countries as well. 


by an enterprise out of its own revenue, and assurance of the profitability of prod- In order not to be taken by surprise under these conditions, the Soviet Union 


E uction. 


is compelled to have a sufficiently powerful defense, and its material base, a de- 


hr Profitability (income-production) of an enterprise means that the funds re- fense industry. 


ceived by the enterprise from the sale of its product must meet the production costs The defense industry differs from the other branches of the national economy 


in the different scales of production in peace and war, by the peacetime use of its 


and provide a net income above that production cost. Profitability characterizes 


the economic effectiveness of the operation of an enterprise. reserve capacity for the production of civilian goods, by the forms of specializa- 


Unsubsidized operation creates a material incentive of the collective in the tion of the enterprises, by their extensive cooperation with enterprises of nonde- 


fulfillment of the State assignment with respect to all indices, and develops the fense branches, and by a number of other features affecting the organization and 


initiative of the workers. planning of production. 


An aircraft construction enterprise producing both civil and military aircraft, 


Section 3. Purpose of an Aircraft-Construction Enterprise, and the Specific 


Features of its Production e possess certain features of a defense enterprise. 


‘the purpose of an aircraft construction enterprise is to produce aircraft for 


a E 


Since imperialism does exist, the economic foundation for the occurrence of 


the needs of the national economy and for the national defense.  "he.aircraft is a 


wars also persists. ‘the imperialist countries spend immense sums on armament, and 
complex product with very many parts. A modern heavy aircraft has over 100,000 
pay maximum attention to the expansion of the air forces and the aviation industry, 
s i parts (without the standardized parts), over 2 million standardized parts, and as 
seeing in the aircraft the most powerful means of attack and of transporting atomic 
ý much as 60 km of wiring. For comparison, we recall that a four-ton truck has a- 
and hydrogen weapons. The appropriations by the United States for war items 

: : - l bout 3500 parts of various descriptions, and a combine little more than 9000 parts. 
amounted in 1956 to almost half the Federal budget. The number of aircraft in the 
The complexity of the aircraft and its numerous parts, its large dimensions 
United States Air Force was to have reached 40,000 by 1957. In 1955 the USAF : 
and size (the heaviest modern aircraft weigh 160 - 190 tons) necessarily lead, under 
had 951,000 men, i.e., 50% of the personnel of the Army and Navy. The aviation 
conditions of series production, to high expenditures of material and labor and to 
industry of the United States, which rapidly expanded in 1941 - 1915, not only - 
i T high production cost for aircraft. 


failed to reduce its activity but actually continued to expand. The aviation in- 
i - Thus the labor required to build a series model of a heavy American bomber, 


dustry of the United States passed from 135th to second place among the branches of 
B-52, with an output of 12 - 13 aircraft a month, amounts to 142,000 man ds , and 


industry with respect to number of workmen employed, from 1935 to 1955. In 1955 it TAT 


a) the cost of such an aircraft is 8,700,000 dollars. 


| 
E | 


Dare JRA 
employed 805,900 men, of whom 559,500 were production workers. ‘the aircraft manu- 
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The wide range of materials, semifinished products, and finished articles that 
go into an aircraft, as well as the immense variety of the technological processes 
of aircraft manufacture, have led to the establishment of large series-production 
enterprises with a wide variety of equipment, productive shops, various technical 


services, and a large staff of workmen, engineers, technologists, and employees of 


* the most varied skills. 


Some idea as to the magnitude of aircraft construction enterprises can be ob-. 
tained from the following Table, which has been compiled from the data of American 


firms: 


Number of Work- 
ers at Plant 


Floor Area of 
Plant, in m? 


Value of Annual 
Production of 
Company, in 
Dollars 


Product 
Manufactured 


Aircraft and 
Guided Mis- 
siles 


25,443 867 ,000,000 


Aircraft 36,251 


25,9771 


771,511,226 


Aircraft and 521, ,189 ,000 


Guided Mis- 
siles 


Aircraft, 
Guided Mis- 
siles, and 
Electronic 
Equipment 


26,990 816,676 ,329 


The frequent changes in the object of production and the continuous introduc- 
tion of design 3pPovénente in the aircraft are due to the — technical progress: 
of aviation technology. The frequent modifications of aircraft and the replacement 
of one design by another are responsible for the production of aircraft in series. 
Statistics indicate that the average period of series production of a civil air- 
craft is 4 to 5 years, while that of a military aircraft is substantially shorter. 


The frequent change of aircraft designs and the constant introduction of numer- 
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ous design modifications demand the organization of large design offices and devel- 


opment enterprises, capable in a short time of building new aircraft and their modi- 
fications. For the series production of new aircraft, within a short time, it is 
necessary to have series-aircraft construction enterprises with a large tool base 
and highly qualified personnel. The frequent changes in aircraft design require a 

system of production organization to ensure smooth operation of the development and 
series enterprises, and make it possible to change over a series-production line to 
the production of a new aircraft within a short time, without stopping production. 

Lifferent Scales of Aircraft Production in Peace and Wartime. Since aircraft 
construciion plants are designed to produce both civil and military aircraft, the 
number of aircraft produced by them depends to a considerable extent on the inter- 
national situation, on the increase or decrease in the threat of war. When inter- 
national tension slackens and armaments are curtailed, the program of defense prod- 
uction in socialist enterprises decreases steadily. On the other hand, when the 
international situation deteriorates, the program of defense production may expand. 
Consequently, the program of defense manufacture may vary sharply, upward or down- 
ward, from year to year, or even during the course of a single year. Defense prod- 
uction on a large scale leads to a rapid depletion of the material resources of a 
country and slows down the rate of development of the other branches of the nation- 
al economy. For this reason, the program of defense production in peacetime never 
reaches its immense wartime levels. 

All this creates reserve capacity at the aircraft construction plants, which 
is used in peacetime mainly for the production of a widely varying line of civilian 
goods. Moreover, the existence of reserve capacity also allows new aircraft to be 
put into production more often. i 

The extensive cooperation of the aircraft construction enterprises., with enter- 


prises of other branches of industry is due, first, to the fact that the aA 


reflects the latest achievements of science and technology in various fields of 


D | @ 
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knowledge and is the result of the work of enterprises of many branches of industry, 
and second, to the necessity of utilizing the reserve capacity of aircraft enter- 
prises in peacetime to increase the output of civilian goods, while, in wartime, the 
capacity of nondefense enterprises must be utilized to increase the output of air- 
craft. 


The cooperation of the aviation industry is most fruitful with the mass 


. branches of civilian machine-building, such as agricultural-machine building » auto- 


mobile manufacture, and electrical engineering industry. ‘The utilization of the 
experience of these branches in the organization of mass production encourages the 
enhancement of the technical level of aircraft production. 

The high mobility and flexibility of the aircraft construction industry is ex- 
pressed in its constant readiness to contract its civilian production and in a short 


period to expand its large-series or mass production of defense items. 


The high mobility and flexibility of aircraft production permits aircraft prod- . 


uction in small series, guarantees maintenance of production technology and organ- 
ization at a high level, and envisages the stockpiling of materials and tools as 
well as the development of plans for change-over of a plant to the output of air- 
craft in large-scale series. ‘the mobility and flexibility of production must be 
periodically verified. 

Influence of Strategic Factors on the Geographic Location of Aircraft Con- 


struction Enterprises and on their Specialization. In selecting the site for an 
aircraft plant, one must consider not only such factors, generally recognized for 


all machine-building plants, as proximity to sources of raw material and fuel, 
proximity to consumers, correct specialization, multiple development of the economy 
of economic regions, specialization and cooperation of production, and regional 
vransport facilities, but strategic factors as well. The most important of these 
latter are the distance of the plant from the frontiers, its location with a view 


to minimum vulnerability to aerial attack, duplication of plants producing identical 
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products and their corresponding decentralization, specialization and cooperation of 
defense enterprises in view of the utilization in wartime of enterprises of other 


branches of industry. 


Section 4. The Charter and Economic Independence of an Enterprise 


All aircraft manufacturers of the USSR are State enterprises and are estab- 
lished by decree of the Council of Ministers USSR. 

The development of aircraft enterprises is under the direct jurisdiction of the 
Ministry of Aviation Industry USSR. Series-production enterprises are under the 
jurisdiction of the Councils of National Economy of the economic regions. 

The State prescribes the rates of expansion of production at the enterprises, 
the forms and level of specialization and cooperation, the assignment for production 
with a designation of its products list, quantity, planned price list and periods 
of production; it provides the enterprise with the funds necessary to execute the 
State assignment and the capital construction; it organizes the training and planned 
assignment of graduate specialists and qualified workmen among the enterprises; it 
advances the enterprise funds for materials, semifinished products, fuel and power, 
and organizes the marketing of its finished products; it distributes the profits of 
the enterprise and systematically inspects all of its activities. 

The State manages the enterprise directly through a director. 

In its activity the enterprise is guided by its charter, which defines the 
position and integration of the enterprise, its fixed capital and other funds pre- 
Scribed by law, management of the enterprise and powers of the director, as well as 
the accountability of the enterprise to the State. According to its charter, an 
aircraft construction enterprise is an independent economic organization, function- 


ing on the principles of unsubsidized fiscal autonomy. The charter is presented to 


an agency of the Ministry of Finances for entry in the State register. trar AT? 


day of State registration, the enterprise acquires the rights of a juristic person 
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and ean carry on its activity on the basis of unsubsidized fiscal autonomy. 
An unsubsidized enterprise is organized for the profitable production and mar- 
keting of a finished (commercial) product and is given its own funds by the State in 


the form of its investment capital or fund. ‘the capital fund includes the entire 
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this same account, the enterprise draws funds for payment of all its economic ex- 
penditures. The enterprise must conduct its affairs in such a way that the payment 


of funds into its clearing account will exceed the expenditures and that prompt pay- 


ment of indebtness remains possible. 


balance-sheet value of the fixed capital assets, and the minimum working capital 
necessary for the plant. By the aid of these resources, the unsubsidized State 
enterprise organizes its activity. 

The lower the actual cost of production, by comparison with the planned cost, 
and the more machines are produced, the greater will be the profit, the more prod- 
uctive the enterprise, and the smaller the funds required to organize its opera- 
tions. 

The activity of an unsubsidized State enterprise is placed by the State under 
financial control, conducted by economic organizations, by financial agencies, and 
by the banking system. Within the enterprise, ruble control is accomplished by ac- 
counting and comparison, in financial form, of the expenditures and results of prod- 
uction. The financial condition of an unsubsidized State organization depends on 
its fulfillment of the plan in volume and in the quality of the production, on its 
cost and on the rate of capital turnover. if the productive activity of the enter- 
prise is deteriorating, i.e., if it does not fulfill the plan, lowers the quality 
of production, overexpends the wage fund, accumulates excessive inventories of ma- 
terials, semifinished or finished products, the inflow of funds will slacken, and 
financial stringency will result. On the other hand, fulfillment and overfulfill- 
ment of the plan and rapid marketing of the product, produces free working capital 
and improves the financial condition of the enterprise. The dependence of the 
financial position of an enterprise on the results of its work rorees it to search 
constantly for internal reserves and to put them to work. 

An unsubsidized enterprise has its clearing account at the local office of the 


State Bank, into which all proceeds of the marketing of the product are paid. From 
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An unsubsidized enterprise has a credit at the State Bank for the introduction 


of new equipment into the production line, and also has a short-term credit to cover 


the expenditures connected with the building up of seasonal and other temporary in- 
ventories above the prescribed levels. 

An unsubsidized enterprise has the right to enter the competitive field inde- 
pendently and to contract with suppliers and consumers for the acquisition of raw 
materials, other mterials, fuel and power, and for the sale of its finished prod- 
uct. 

Business contracts regulate the economic interrelations between enterprises. 
‘the observance of contract discipline is one of the principal demands of the system 
of unsubsidized fiscal autonomy. The system of contracts strengthens the responsi- 
bility of the enterprises for the fulfillment of the plans and for timely delivery 
of their products, and establishes material responsibility for breach of contract. 

An unsubsidized enterprise has a complete.system of accounting with a balance 
sheet showing profits and losses. 

The State increases the incentive for an unsubsidized enterprise to fulfill 
the plan, by expanding the economic independence of the enterprise and mking part 
of its profits available to supplement the working capital, capital investments, 
and the funds of the enterprise. The resources making up the funds of the enter- 
prise are expended as agreed by the members of the collective, to improve their 
cultural services and living conditions, and to expand production. 


The application of the principles of unsubsidized fiscal autonomy to enter- 


In. searial- 


prises and their profitable operation increases the income of the State. STAT 


ist industry, the unsubsidized enterprise is the prevailing form. 
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Unsubsidized fiscal autonomy is more completely in force at series-aircraft 
construction plants, but is greatly limited at development enterprises. The differ- 
ence in the economic independence of the production and development aircraft con- 
struction enterprises is due to their different roles in the economy, to the differ- 
ent sources of their financing, and to the different order of utilization of the 
funds made available by the State. 

the State-budgeted development enterprise has a number of peculiarities and is 
limited in its economic autonomy. A development enterprise has a schematic plan. 
Each independent project is assigned in the schematic plan as a special item. ‘the 
expenditures of funds by items is reflected in detail in the production estimate, 
which is the financial expression of the schematic plan. The State finances the 
work of the development enterprise, on the estimate of production, out of State- 
budget funds. The State budget is the basic source of financing of the development 
aviation enterprise. Besides its State budget work, a development enterprise also 
does independent nonbudget work. ‘the latter includes the manufacture of machines 
in-smll series and contract work performed with the object of a fuller utilization 
of capacity. With respect to these types of work, a development enterprise has the 
rights of a nonbudget fiscally auvonomous enterprise. 

The dual nature of the sources of financing of the development enterprise 
forces it to account separately for the State-budget funds and the funds received 
from work on commercial contracts, and, accordingly, it must santa two accounts 
at the State Bank, one a budget account, the other an ordinary clearing account. 

A development A has the right to make contracts for the acquisition .. 
of raw materials, other materials, fuel, power, semifinished goods within the limits 
of the funds assigned to it, and »ithin its other limits, but it does not have the . 
right to sell the products manufactured with State-budget funds. 

A development enterprise has the right to make contracts for the acceptance of 


work from other enterprises and for the delivery to them of work connected with the 
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fulfillment of its schematic plan and paid for out of the State-budget account. For 
instance, a development aircraft plant, in designing a new aircraft model, subcon- 
tracts the work of designing and manufacturing installations for equipment, to an- 
other development enterprise specializing in this field. In such cases, the work is 
paid for by agreement between the parties, or the funds assigned in the State budget 
to the prime development aircraft building enterprise for this part of the work may 
be transferred by it to the other subcontracting enterprise that actually does the 
work. 

A development enterprise, being organized to build prototypes of new machines, 
is not concerned with their industrial production and, consequently, has no conmer- 
cial production, profits, nor enterprise assets. It may accumulate the proceeds of 
nonbudget work and savings on budget funds which, at the end of the fiscal year, 


are paid over to the State income. 


Section 5. Assets of the Enterprise 


1o realize industrial activity, the State assigns fixed and working assets to 
an aircraft enterprise. Such assets taken together, constitute the statutory capi- 
tal. The difference between fixed assets and working assets is due to their purpose 
and to the order of circulation in the process of socialist production. 

The fixed assets of an enterprise is subdivided into industrial-productive and 
nonindustrial assets. 

The industrial-productive assets include: production buildings and structures, 
power plants, operating machines and apparatus, power-transmission facilities, 
transportation facilities, productive housekeeping inventories, tools and devices 
costing not less than 500 rubles each and having a service life of over one! gears 
‘the industrial-productive assets are designed for the direct manufacture of the 
product or for servicing the processes of its manufacture. ove 


The structures of fixed productive assets of an aircraft building plant is a- 
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p Buildings, structures, and power-transmission 

: facilities exa ei e hupthedesuP O e^ DU 

e Power and production equipment ..oooocoorososrrrcsrrrrsso 24 — 38 

[ Transportation facilitiés ...... ce eee eeeeeee eese o eos" 3 - 5 

1 Inventory and tools ......eeeeeeeoooococccccceccecceeccece h- 6 

F 

The fixed assets of aircraft building enterprises do not include forms of spe- 
; cial technological.equipment (machine tools, jigs, attachments, etc.) whose use is 
: limited only to the production of a given machine. ‘the cost of such equipment is 
f included in the floating assets of the enterprise. 

: The fixed industrial-productive assets, preserving their physical form, parti- 
j cipate in many of the manufacturing cycles for producing the product. As they wear 
i out (amortization) the fixed assets gradually transfer their value, in portions, to 
A the product of labor. 

E The industrial-productive assets of a socialist enterprise are continually be- 
: ing expanded and qualitatively improved. By raising the productivity of labor, the 
: Workers of an enterprise improve the utilization of the fixed assets, increase the 
A output, and diminish the need of the enterprise for equipment and manufacturing 

' plant area. 

; the nonindustrial fixed assets do not directly participate in the process of 


zi manufacturing the commercial product, and are designed to serve the living and cul- 


tural needs of the workers of the enterprise. This form of capital includes hous- 
ing, children's institutions, and other items appearing on the balance sheet of the 
plant. ‘the Socialist State, manifesting constant concern for the improvement of the 


material conditions of life of the laborers and for benefits to their cultural and 


living conditions, increases the nonindustrial fixed assets of an enterprise from 


year to year. 
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‘the working capital is necessary to an enterprise for the acquisition of mater- 


ials, for payment of wages to workmen and employees, and for paying other expenses 


e due to the processes of manufacturing and marketing the output. ‘the working capital 


of an enterprise is subdivided into owned and borrowed. The owned working capital, 


in an enterprise, to the extent of its minimum.needs comprises the allocation of 


such sums by the State and drawings from the revenues of the enterprise. The bor- 


rowed working capital consists of short-term credits from the State Bank. 


the working capital is subdivided into working productive assets and floating 


assets. 


The working productive assets are in the sphere of production. ‘the productive 


working assets include: production inventories of fuel, primary and auxiliary ma- 


terials, purchased finished goods and semifinished products, packing materials, 


spare parts for current maintenance of equipment and buildings, inventory and de- 


pletable tools of small value, work in progress, and prepaid charges. These assets 


are completely used up during the production process; they participate only ina 


single working period, and their value is completely transferred to the product. 


The floating assets are in the sphere of circulation. They consist of finished 


goods shipped to purchasers, for which payment has not yet been received, funds in 


transit, and funds in the clearing account of the enterprise at the State Bank. 


The working assets which, at times, are in the sphere of circulation and, at 


other times, in the sphere of production, are in continuous circulation: cash - 


- material - semifinished products - finished goods - cash, i.e., they are success- 


ively transformed into productive, commercial, and cash equivalents. The accelera- 


tion of the turnover of the working assets is of great economic importance, since 


it reduces the need of the enterprise for further working capital. 


Section 6. Basic Indices of Industrial Activity of an Enterprise 


; STAT 
The most important economic indices by which the planning is done and the re- 
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sults of the industrial activity of an enterprise are determined, are as follows: 


volume and quality of industrial production, productivity of labor, and labor-cost 


i Y 
of article, rhythm of production, utilization of fixed and floating assets, cost of 0 


production » and profitability of production. 

The volume of industrial production is determined by the gross product turned 
out by an enterprise in a calendar year. The gross production is composed of com- 
mercial (finished) products and of the change in the balance of goods in processing 
(unfinished products). 

The annual output, i.e., the product completely assembled and accepted by the 
purchaser, is the most important quantitative index of the work of an enterprise. 
The commercial production is measured in physical and value indices. The physical 
indices characterize the assortment, assembly, and quantity of products. The value 
indices characterize the kind, the planned production cost, and the wholesale value 
of the products. The volume of output according to planned production cost shows 
the expenditures which have been approved for the enterprise for the production of 
the finished product, while the valuation of the output according to the established 
wholesale prices determines the sum of the funds which the enterprise is to receive 
from the marketing of the finished product. 

The work in process is composed of inventories of blanks, parts, units, as- 
semblies, and articles not completely assembled or tested, which must be on hand in 
the shops of the enterprise in order to ensure a continuous flow of the processes 
in all stages of manufacture. 

The qualitative indices of the work of an enterprise cover the resources of 
living and mterialized labor. 

The utilization of the resources of living labor is characterized primarily by 
labor productivity. "The productivity of labor, in the last analysis, is the most 
important factor, the principal factor for the victory of the new social order", 


wrote V.I.Lenin (Bib1.8). The steady increase in labor productivity is the economic 
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law of socialism. 

The growth of labor productivity at the enterprise is reflected in the steady 
growth of output by each worker in unit time, in the systematic lowering of the 
labor cost of finished articles, in the increase of their output, and the improve- 
ment in their quality. The increase in the output of each individual worker and the 
increase in the number of workers directly occupied in the production of material 
values is of great importance for the growth of productivity of social labor. 

The level of technology of production, the degree of its utilization, the qual- 
ification of the cadres and the dissemination of advanced experience finds its re- 
flection in the level of labor productivity attained. 

The utilization of the resources of materialized labor is characterized by the 
following indices: 

With respect to fixed assets, by the gross output per 1000 rubles of fixed as- 
sets, per machine, and per square meter of productive area. The higher these in- 
dices, the better the organization of the utilization of the fixed assets with re- 
spect to productive capacity, plant area, and time. 

With respect to working assets, by the standard consumption of working capital 
per unit of output, by the rate of turnover of.the working capital, and by the 
standard of its reserves. The standards of consumption and reserve of materials, 
power, fuel, and tools are calculated according to progressive norms. To lower 
them, economy in the consumption of materials and a more improved technology are 
necessary. An enterprise accelerates the turnover of its working capital by short- 
ening the length of the industrial (economic) cycle. 

The duration of the industrial (economic) cycle (Cec) is measured in days and 
is composed of the duration of the procurement and productive cycles and the mar- 
keting cycle. 

‘the procurement cycle (Cpr) is the time necessary for the acquisition ST Apter- 


ials, semifinished goods and other material values necessary for production. This 
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cycle characterizes the average time spent from the time of settlement for the ma- 
terial values to be acquired to the instant they are placed in production. The more 
rationally the suppliers and form of transportation are selected, the more exactly 
the size of the shipments and the periods of their delivery are calculated, the 
shorter will be the procurement cycle and the smaller can be the working capital in 
this stage of the work of the enterprise. 

The production cycle (Cp) is the time from placing the article into production 
to its delivery as finished product. This cycle characterizes the time spent by the 
capital in the sphere of production. The higher the level of technology and organ~ 
ization of production and the higher the productivity of labor, the shorter will be 
the cycle for the manufacture of the machine and the smaller can be capital the en- 
terprise will need to fulfill the program. 

The marketing cycle (C) is the time from the acceptance of the finished prod- 
uct to the receipt of funds for the product delivered. The more rapidly the finish- 
ed product is marketed, the less will be the working capital needed by the enter- 
prise in this stage. 

The marketing cycle and the procurement cycle, taken together, characterize 
the time spent by the capital in the sphere of circulation (Co). 

The rhythmic operation of an enterprise is characterized by the uniform or 
uniformly increasing output of finished products in accordance with a predetermined 
schedule. In its resolutions, the Communist Party has repeatedly emphasized the 
immense significance of uniform rhythmic operation of all production units, which 
eliminates the congestion of production in some branches and stoppage in others, 
which eliminates overtime work, reduces rejects, encourages the uniform loading of 
equipment and the growth of labor productivity. 

The production cost of the finished product is the generalized qualitative in- 
dex of the entire Work of an enterprise. The production cost of the product reflect 


the results of all the productive, procurement, and marketing activity of the enter- 
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prise. Ona countrywide scale, the lowering of the production cost is the basic 
source of the growth of internal growth within industry and of improvement in the 
living standard and the cultural level of the workers of a socialist society. 

Production cost is composed of funds expended for the acquisition and delivery 
of materials, semifinished products, and finished articles entering into the prod- 
uct, for the payment of production wages to the prime workers and for the overhead 
due to maintenance of the administrative apparatus, for the service of buildings 
and machinery, the administrative and housekeeping expenses, and for other expendi- 
tures. These expenditures are expressed in the form of money, and are related to 
the unit of finished product. 

The production cost shows how economically and rationally the material, capi- 
tal, and financial resources have been spent, and how effectively the capital has 
been utilized. Steady and systematic lowering of the production cost is a law of 
development of the socialist enterprise. 

The socialist enterprise has all prerequisites for the attainment of advanced 
economic indices. Our enterprises are provided with improved equipment, have quali- 
fied cadres of workmen and engineering-technical workers, and dispose of greater 
material resources than anywhere else; they make extensive use of the experience of 
innovators of production and of the latest accomplishments of science and technol- 
ogye In spite of this, some enterprises do not fulfill the plan and operate at a 
loss. This is explained primarily by the low level of organization of the product- 
ive process and by the poor management of the productive and economic activity of 
the enterprise. Only a continuous improvement of the organization of production 
and labor can fully ensure proper utilization of the new technological system. 

he 20th Congress of the Communist Party USSR, in its directives on the 
Sixth Five-Year Plan, has set great tasks for machine-building in the increase of 
output, the growth of labor productivity, and the reduction of production est 


STAT 
All branches of the machine-building industry dispose of immense internal re- 
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serves. ‘fo discover and economically utilize these reserves means to guarantee not 


only tlie fulfillment but even the overfulfillment of the assignments of the Sixth 


Five-Year Plan. The Congress called the special attention of the Party organiza- 


tions and economic managers to the necessity for unconditional fulfillment of the 


State assignments by each enterprise with respect to all indices. 


CHAPTER 11 


PRODUCTIVE PROCESS AN! ‘'YPES OF PRODUCTION 


Section l. Definition and Kssential Nature of the Productive Process 
AAA senha Nature oi tne Productive Process 


The productive process is the foundation of industrial activity of an aircraft 


construction enterprise, and consists of the aggregate of interrelated processes of 


labor and natural processes » a8 the result of which the raw materials and semifin- 


ished products are converted into the finished article, the aircraft. 


The technological process, which determines the expenditures of labor for the 


manufacture of the article, i.e., its labor cost in man-hours » is the fundamental 


part of the productive process. 


the technological process consists of the aggregate of mechanical » physical 


and chemical processes or operations, as a result of which the forms of the parts 
and units of the article are changed (fabricating and processing operations), as 
their properties and appearance are transformed (heat treatment and anticorrosion 
treatment), the parts and units are combined into sections , assemblies and the fin- 
ished product (assembly-welding » assembly-riveting and assembly-installation opera- 
tions), &nd the conformity of the product with the drawing and the tactical- 

| technical specifications is verified (inspection and testing operations). It must 


be emphasized that all inspection operations are an inseparable part of the tech- 
STAT 


nological process. 


The technological process also includes the auxiliary mechanized or manual work 
STAT 
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performed in lifting and transportation of the materials, blanks, parts, units, sec- 
tions, assemblies, and finished articles, from one work station to the next. 

the productive process of a socialist enterprise is conducted according to 
plan, on a scientific basis, using the advanced experience and accomplishments 
of USSR and foreign technology». The productive process is always in a state of im- 
provement and development. The machines turned out by an enterprise are modified 
or replaced by new ones , the technology of their manufacture is improved, the quali- 
fications of the cadres are raised, and the organization of their labor is enhanced. 

The productive process of an experimental aircraft construction enterprise is 
developed in the following sequence: investigation for, and designing of, a new and 
improved aircraft design; technological and material preparation of a development 
enterprise to manufacture the new aircraft; manufacture, testing, and ultimate re- 
finement of the prototype aircraft; delivery of the drawings and specifications to 
the series-aircraft construction enterprise. 

The productive process of a series-aircraft manufacturer develops in the fol- 
lowing sequence: receipt of the technical documentation for a new aircraft from the 
development enterprise, technological and material-technical tooling-up for its 
production, organization of the processes of series manufacture of the new aircraft 
design, testing and delivery to the purchaser. 

There are several versions of the organization of the work involved in the 
manufacture of an aircraft. 

Tf the aircraft has already been introduced by another enterprise, then that 
enterprise turns over the finished parts, units, and assemblies to the enterprise 
that is also placing this aircraft into production. In this case, the work is de- 
veloped at’ the same time in the fabricating, processing, and assembly shops, and the 
operations of putting the aircraft of the new design into production proceed on a 


broad front. 


If the aircraft is being introduced for the first time, then the fabricating 
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and mechanical shops start up the operation, and from them the parts pass to the 
various stages of aircraft assembly. In the stage of assembly of units from parts, 
the panels, beams, spars, bulkheads, and other units are assembled. In the stage of 
assembly of major assemblies, the units are combined into sections, and the sections 
into assemblies: wings, fuselage, wing center section, empennage, etc. In the 
stage of final assembly, the assemblies are combined into the aircraft, the various 
installations and instruments are installed in it, after which the final stage be- 
gins, in which the aircraft is transferred to the airfield shop where it is tested 
on the ground and in the air. After the tests, the aircraft (if not transported 
tin flight") is sent to the shipping department for packing and shipment to the con- 
sumer. The manufacture of the aircraft is completed with this process. 

the organization of the productive process must ensure high labor productivity 
and constant increase in output with the existing equipment and productive area. 
This is accomplished on the basis of the following principles of the conduct of 
production: constant improvement in the design of the articles being produced and 
assurance of their high technological level; development of specialization and sub- 
contracting in production, in conjunction with rational concentration; combined and 
coordinated mechanization and automation; improved rhythm of the productive process 
and planned operation of the enterprise according to graph or schedule; assurance 


of a short productive cycle for the finished article. 


Section 2. ‘technological Level of Aircraft Uesign and its Significance for In- 
creasing the Economy of Production 


By improving the tactical-technical, technological, and operational character- 
istics of an aircraft, the designer lays the foundation for the economic conduct of 
series production. 

The better the tactical-technical operational characteristics of the aircraft, 
The better toTAT'Ch- 


the more stable and prolonged will be its series production. 


nological characteristics of the aircraft and the more consistent its design ele- 
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ments, the more rapid will be the process of putting the new aircraft into series 


production and the lower will be its production cost. 

When the aircraft design is subject to frequent modification during production, 
the following technological characteristics of the aircraft will be of decisive im- 
portance for lowering of its production cost and shortening the introductory period; 
degree of refinement of the experimental prototype; level of standardization, norm 
alization, and unification of the parts, units, and assemblies of the aircraft and 
the consistence of its design elements; relative proportion of the blanks fabricated 
by methods of high productivity, precision casting, stamping, and rolling; preva- 
lence of small detail in the design and prevalence of integral, monolithic elements 
among its units; interchangeability to the extent to which assemblies and panels 
are employed in the design. 

he degree of refinement of the prototype is of decisive importance for the 
cost of production during the period of putting a new aircraft into series produc- 
tion and for the uninterrupted and rhythmic output of aircraft. Modifications in- 
troduced into the aircraft design during series production involve great additional 
expenditures of materials, lavor, and funds. Design modifications introduced sud- 
denly and in considerable number into an aircraft disturb the start-output schedule 
of new aircraft, introduce an irregular rhythm into the operation of the shops, and 
disturb the course of production. 

The aircraft must be developed and refined in the greatest possible detail be- 
fore being put into series production. 

Standardization, normalization, and unification of parts, units, and assemb- 
lies of the aircraft reduce the variety of materials, forms, and dimensions, abd 
thus shortens the list of parts and units of the aircraft. Standardized and norm- 
alized parts and units are interchangeable, are stable in production, and do not 
vary with the changes in aircraft design. This facilitates the mechanization and 


automation of the manufacture of normalized parts and units. Unification permits 
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the combination of geometrically similar parts and units into uniform groups and 
permits the use, for each uniform group, of the most productive equipment, of typi- 
cal technology, unified technological equipment, and a rational form of organizing 
the productive process. The unification of parts and units makes it possible to 
manufacture them under conditions of experimental batch production i.e., by the me- 
thods of series production, or to order these parts and units ready-made from series 
plants. Under the conditions of series production, norm lized and unified design 
elements may be manufactured by mass-production methods, setting up specialized 
production lines for them, or setting up specialized departments to produce stand- 
ard, normalized, and unified parts. Standardization, normalization, and unification 
of parts, units, and assemblies reduces the amount of tooling, allows broader norm- 
alization and repeated use of the same dies, jigs and fixtures in the production of 
a new machine. The standardization, normalization, and unification of parts and 
units considerably shortens the period of putting a new aircraft into production and 
reduces the expenditure for the tooling-up of the production line, raises the effi- 
ciency of the operation of the equipment, and encourages the growth of labor prod- 
uctivity (Table 1). 

Aireraft construction comprises considerable possibilities for further stand- 
ardization, normalization, and unification of the elements of aircraft design. It 
is highly necessary to create single normalized and unified parts for all designs 
of aircraft, to normalize the fittings, tanks, seats, control units, and many other 
items. For each group of parts and units of identical purpose, technological simi- 
larity of shapes, dimensions, and tolerances should be established. For instance, 
the unification of the pitch and diameter of the openings on profiles allows the 
automation of the process of punching openings. Every effort must be made to secure 
such shapes of the parts and units for which the most productive equipment and ad- 
vanced technological methods can be utilized. 


Increasing the number of blanks that can be prepared by mass-product9 | ATe- 
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thods - precision casting, stamping, and rolling - increases the utilization factor rolling (Fig.1). ‘fhe large number of parts in an aircraft is an obstacle to mechan- 
ization and to the more economic organization of aircraft construction enterprises. 


O $ The larger the number of parts in an aircraft, the larger will be the amount of de- 
Table 1 


Economic Advantages of Tooling Normalization 


(from Data of the NIAT) 


% of Normalized| g « Reduction 
Indices Elements in D in $ Savings 
© wo, 
Tooling H 
Ba 
is 1 
6 9 |e 
I: Kae = 19 
e [39,8 15 8 5 | 
Se) SES [sESPE jess | 2] ^F | 
a a 
ge (do |;* 83 323 [ye qa | 
me wa TRA ee BE Sse ($3 | 28% 
Tooling & o nea 9 ri A E os Za Ex | 
S 
Dies for cold stamping 75 60 30 
Machine-tool attachments 75 65 20 
Fig.l - An Integral Aircraft Unit 
Assembly tooling 70 45 35 
Other tooling -— -- 20 sign and technological work and the more varied the necessary tooling, the larger 
In all tooling for main 35 30 the number of technological combinations, and consequently the more handwork, the 
shops A 
more complex the standardization, planning and accounting.» 
On replacement of each 19 700 : 
As a result of the large number of aircraft parts, the assembly labor cost 


1000 pieces of special 
machine-tool attachments 
by universal with re- 
placeable parts 


amounts to 50% of the total labor cost of the aircraft. The use of monoblocks 
(integral ribs, bulkheads, spars, panels, wing halves) offers numerous advantages. 


The rigidity and stability of the structure is increased, the number of parts is 


and accordingly the amount of work in manufacturing the air- 


The higher the quality of such blanks and the larger their number, the higher the reduced many times, 


g as well as the structural weight are reduced. Table 2 


level of aircraft construction production. craft and its special toolin 


economic advantages of integral design over multipart design. 


sections, and assemblies in aircraft STATn 


The number of parts in a design is reduced by using integral units, sections, gives data on the 


and assemblies, fabricated by methods of casting, forging, stamping, and profile “he wide use of integral parts, 


39 . STAT 


38 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Teueg 
Sum | 9 - S*2¢ ADOTAUOR 

Pp9I9ATH 

Jo 3809) 

aut 9/T 

o} z/T 


3ur[199S | 3uFI199S 
TETT 8° EZ . yooTqoucyg 


ATquessy ATQuessy 
jo JO quey 
SuoTeueurmT 


$quv[d ZUTPT ENA 4J€XoXry 


ueorleuy pue ugsj4rdg UTED 4B SFFUN [€13equI Jo esp Jo SSQUIATJOAJJA oTuouoog *g 


9889 TIFUO 
deta 
Ppo3eATY quoly 


2I0J0B]3NUBN JO POJN | ATquessy 
jo eureN 


pedueqs reiJoqury 


go suor4 eee 33 ur 
—eus seg 4u3reM| | xequmw MEE eJnjo*gnugi Jó Poy 
PRE i 


S9T[queassy pe[quessy 


ed 
e 
o 
e 
e 
© 
LN 
o 
e 
© 
N 
o 
e 
tr 
e 
+t 
o 
== 
F 
E 
co 
o 
a 
x 
x 
O 
eo 
o 
~ 
oO 
O 
~ 
F 
x 
o 
Q 
_ 
> 
o 
D 
$ 
o 
[2] 
© 
EU 
O 
tr 
— 
Oo 
2 
o 
o 
> 
o 
[us 
a 
al 
xt 
> 
al 
O 
O 
Lo] 
© 
N 
+ 
c 
fo] 
109) 
Li 
E 
© 
a 
S 
o 
e 
= 
o 
[7] 
E 
Oo 
o 
ea 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


SqueTd FUEPTING IJBIDATY USSA 48 s4Tufn 


P939^ATH JO peeysul STUN 9589 pue pedumjc TeaFequr Jo asp 943 JO S52USATIOOJJA OTWOUCOT *y 


Z ITLL 


PEE E E O ns A ra tm 


A O O O E 


Pe PBI AR AA IA LARA m 


a nee eM e q = A te pe et ne 


M — 


nts e an 
A A cee eee em nu Aeg merca n Pu ( S AGED EMER O er rri E 


TIL MSS 


A ——— 9 Ma. 9M —Á—— MÀ € 7 


leads to a reorganization of aircraft enterprises. Above all, there is a sharp re- 
duction in the amount of assembly work, it is unnecessary to set up jigs with num- 

erous lodgments for clamping the parts, since the monoblock design of the casting or 
forging is in itself sufficiently rigid. The quality and precision of the units is 


increased. Figure 2 shows a front landing-gear strut, with shock-absorber cylinder 


Fig.2 - Front landing-Gear Strut 


produced by casting a magnesium-zirconium alloy. The weight of such a casting 

is 220 kg, while the net weight of the part made from this casting is 200 kg, i.e., 
owing to the high accuracy of casting, the losses in machining are very small. High- 
productivity castis equipment dnd rolling mills are used to fabricate panels of the 


desired shapes and sizes, stamping presses of up to 100,000 tons power (Fig.3), 
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powerful machine tools with electronic automatic devices and other forms of high- 
productive equipment. 

The interchangeability of parts of aircraft in series production sharply de- 
creases the labor cost of assembly and, in the operating organizations, simplifies 
maintenance and replacement of aircraft units. Interchangeability raises the tech- 


nical production level and forces strict observance of technological discipline. The 


Fig.3 - General View of 35,000-Ton Press for Stamping Integral 


Panels and other Units 


interchangeable design elements may be assigned to an independent specialized prod- 
uction unit. | 

The division of the aircraft into assemblies, and of the assemblies into sec- 
tions, technological joints, and panels, opens wide opportunities for handling of 
riveting-assembly and fitting-assembly work on a wide front in specialized shops 
and enterprises, which lowers the labor cost of this work and shortens the assembly 
and subassembly cycle of the aircraft. The use of panelled skin in the design 


shortens the cycle of the assembly of the sections and assemblies in the assembly 


13 STAT 
STAT 


a mm ete n ennt env piene METER AEN SAA OS Uri te reum Ben cnt Prem deret goes 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


jigs, and allows assembly, drilling, and riveting of the panels to be performed on 
gang tools and presses by means of group riveting, installation of the instruments 
and wiring on the panels, tending to reduce sub assembly to the connection of separ- 


ate block panels. 


Section 3. Division and Specialization of Labor Processes 


Engels said: "The basic form of all production that has existed up to now is 
the division of labor , on the one hand, within society, and on the other hand, with- 
in each individual productive enterprise" (Bibl.9). 

The division of labor engenders specialization of production. The interplant 
and intraplant specialization of, and cooperation in, production favors the use of 
high-productivity equipment and of advanced technology, leads to the automation of 
production, and increases the productive capacity of an enterprise. 

As a result of the specialization of labor and specialization of production, 
laber productivity is improved and the production cost of industrial production is 
lowered. 

The 20th T of the Communist Party, in its directives on the Sixth 
Five-Year Plan of Development of the National Economy of the USSR, pointed out the 
importance of axteniiné specialization and cooperation in industry, with the organ- 
ization of assembly-line production at specialized enterprises. The Congress noted 
that specialization is an extremely important means for the further acceleration of 
the rate of growth of the productivity of social labor, for shortening the delays 
of production s and for improving the quality of the product. 

The basic forms of specialization of industrial production are as follows: 

1) Object specialization, i.e., specialization of production in the manu- 
facture of a definite item; 
2) Part specialization, i.e., specialization of production for the manufac- 


ture of individual units and parts of the item; 
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3) Stage, or technological, specialization, i.e., specialization of produc- 
tion to handle uniform technological processes, for example, casting, 
forging. 

The interplant specialization of aircraft construction enterprises is arranged 
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Assemblies Received from Subcontractors 


Assemblies Manufactured by Aircraft-Construction Plant 


Fig. - System of Specialization and Cooperation of American 

Aircraft Construction Enterprises in the Period 1941 - 1945 
a) Name of company; b) Aircraft type; c) Aircraft model; d) Objects of special- 
ization and cooperation; e) Part of fuselage; f) Wing center section; g) Wing 
cantilevers; h) Ailerons | trim tabs; i) Flaps and slots; j) Stabilizer; . 
k) Tail fin; 1) Rudder; m) Elevator; n) Ianding gear and its units; o) Cockpits; 
p) Engine nacelles; q) Canopies; r) Bomb bays; s) Machine-gun turrets; t) Fuel 

tanks 


by classes and types of aircraft, which reduces the list of items produced by the 


enterprise; by the individual components of the aircraft-assemblies, instruments, 
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-and installations - which reduces the volume of work and the list of items produced . | 
at the aliops of the sieve ines by types of parts and blanks, which reduces the list 
| of tooling, which reduces the volume of work and the list of products in the shops | 
of the auxiliary production line. 

| The specialization of aircraft construction enterprises by aircraft classes 

should provide for the manufacture of aircraft of a single class and of a single 

designer by a given plant. In this case, the work of the OKB and of the series- 
production enterprise is most effective, and the tooling-up periods for series prod- 

uction are shortened. 

At the present time, all aircraft instruments and engines, and the most complex 
aircraft installations, are produced at specialized enterprises, but such special- 
ization is no longer adequate. The exceedingly great labor cost of manufacturing | 


the airframe makes it necessary to organize its production on the basis of highly | 


detailed specialization and extensive subcontracting. Today it is possible and e e 


necessary to entrust specialized plants with the production of the fittings, hydrau- 
lic units , landing gears, seats, tanks, nonmetal parts, spare parts, navigation 
instruments, and those groups: of unified parts and units which are stable in prod- 
uction and interchangeable. . 

The escala in the number of aircraft parts produced by casting and stamping, 
and the transition to integral units, demand the establishment of specialized: cast- 
ing and forging-stamping shops and plants. This will allow a sharp increase in the 
casting and forging-stamping production in aircraft building. l 

| Figure |, shows the system of cooperation between a number of American aircraft 
manufacturers . In 1944, in the United States, at a total output of 914,600 aircraft, - 


the average amount of work on an aircraft at the aircraft plants of prime contrac- - | 


tors amounted to 35 - 40%, while the remaining 60 - 65% of the work was subcontrac- 


ted to other plants. A study of the experience of the German aircraft building in- e | e 
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of products and the volume of work in the processing and fabricating shops; by forms e e 


dustry during the 1939 - 1944, period indicates that this industry also was organized 


on the basis of high specialization and wide cooperation (Fig.5). 


With an annual output of 40,000 aircraft ; 32 - 35% of the work on the aircraft 


) 


H 

— 
ESE 

Du? 
EN 

— 
NE 

— 


PDA MONTAN 
" 
X 


X 


X 


OPT, «ip. p. DK 
>< >< >< <x «p 
LS] KEKE eK 
>< ><] >< >< >< [<< 
SASS ISIS OS SAS 
SSS SESS 
» US AR pe Lp. 
DcECSEBSOÓS 
ET == SSeS 


X 
ll 


XTK 


ENNI 


== >< »« [> 
5 DS S2 Pee 
=< aoe 
Da = 


Legend: Assemblies Received from Subcontractors 


Assemblies Manufactured by Aircraft Construction Plant 


Fig.5 - System of Specialization and Cooperation of German 


Aircraft Construction Enterprises in 1939 = 1944 


a) Company; b) Model; c) Objects of specialization and cooperation; d) Wings; 


e) Fuselage and its parts; f) Empennage; g) landing gear; h) Controls; i) Gas- 


oline tanks; j) Canopies; k) Mechanical parts 


was done by the prime contractors and 65 - 68% at other plants under the subcon- 
tracting system. 


In the postwar years, the share of subcontractors in the production cost of 
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prototype and series aircraft remained high. Thus, for instance, the cost of a 1 ings, stampings, standard fittings, mountings, and other aircraft units and assemb- 


prototype aircraft produced by Convair includes 37% expended by the Company it- i lies. The lack of such specialization leads to absurdities. For instance, a prod- 
self, 1,5% expended by the companies designing and supplying the systems, and 18% by 6 | e uction line, excellently organized and tooled, and making very complicated and 
the suppliers of materials, standard equipment, and other items. labor-consumin; parts, namely spar beams (Fig.6) was compelled to curtail its work 


According to data of the Boeing Airplane Co., an American aircraft manufactur- | 
er, its own expenditures amount to 36.8% of the cost of a series-produced B-52 air- 
craft; 38.7% of that cost is expended by companies making contract deliveries of 
assemblies and equipment for the aircraft; 8.5% of the cost of the aircraft consists 
of materials, and 16% of purchased finished items. | 

The experience of specialization of enterprises in the manufacturer of sections 
and assemblies of the airframe must be more fully utilized since, with the immense 
and ever increasing list of parts, units, instruments, and assemblies, an aircraft 
construction enterprise grows to immense size and, under the conditions of series 
production, becomes difficult to manage. 

In the aviation industry it is important to have enterprises specialized in e 
making standardized production tooling and spare parts for the equipment. The cen- i 


tralized manufacture of standardized tooling and specialized machine tools reduces j 


their ‘cost.and shortens the tooling-up period of series production for a new air- 


Fig.6 - Conveyor Line for.Machining Spar Beams 


| 
craft. The 20th Congress of the Communist Party has pointed out that the estab- i 


lishment of specialized enterprises does not necessarily require the construction owing to a sharp cutback in the program. At the same time, the very same beams 


of new plants. It is preferable to establish specialized production lines primarily were being produced at other plants by less productive methods (Fig.7). The utili- 


on the basis of existing plants, and in some cases, even of individual shops. To zation of a high-productivity production line to serve several plants at the same 


to specialize the plants of series enterprises for the fabrication of blanks, parts, quality of the machining. 


The specialization of production is inseparately connected with its coopera- 


| 

fulfill the resolutions of the 20th Congress of the Communist Party it is necessary | time ensures a sharp reduction in the labor cost of machine work and improves the 
| 

and units of a smaller production list, with the corresponding increase in the plan | 


for their output. Specialization and cooperation of tool shops, which produce a tion. 


definite tooling list for all aircraft construction plants, have given good results.  . H Cooperation consists of a productive connection between a number of enterprises 
| STAT 


An analogous specialization should be introduced with respect to shops making cast- o | e which, together, manufacture some definite complicated product or item. 


L9 STAT 
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Cooperation differs from the usual relations of supplying the objects of supply. basis, where one plant serves enterprises of one economic region, and finally for 


The objects of supply relations are raw materials, fuel, and starting materials. The still others, on an interregional scale, where one plant serves the enterprises of 
: object of cooperation of the aircraft building enterprise are semifinished products e | e several economic regions with some form of product. Interplant specialization and 
and component finished articles. | | interplant cooperation is effective if a high technological level of production ex- 

The specialization of aircraft construction enterprises and interplant coopera- | ists and if contract discipline is observed between the enterprises. 


The February Plenum of the Central Committee, Communist Party USSR (1957) has 
g | pointed out the importance of the development of specialization and cooperation, in 
| every possible way, among the economic regions of the country. The development of 
| specialization and cooperation inside a single economic region, in conjunction with 
the reorganization of industrial management, allows a fuller and more effective 
utilization of local raw material resources and of the productive capacity of each 
enterprise, liquidates cross hauling and minimizes long hauls, introduces order into 
material and technological supply, and lowers the costs of transportation and pro- 
curement. 
The specialization of an aircraft construction enterprise is a process of de- 
| O veloping, on the one hand, technological vniformity of the aircraft being produced 
by means of unification, and on the other hand, of assigning airframe blanks, units, 
and parts for manufacture at specialized enterprises. The indices of the level of 
| specialization and cooperation of an aircraft construction enterprise are as fol- 
lows: 1) share of purchased semifinished products and finished components’ in the 
| production cost of the aircraft; 2) share of the labor cost for airframe blanks, . 
| parts, units, and assemblies received from specialized plants in the total labor 
| cost for the airframe; 3) reduction of the labor time and production cost of the 


| articles produced :n specialized production; 4) length of the production cycle for 


the manufacture of an aircraft. 


Fig.7 - Series Section for Machining Spar Beams 


he internal plant specialization of an aircraft construction enterprise leads 


: to a more rational utilization of social labor and to a greater degree of mechaniza- 
tion is organized, for some forms of production, on the basis of interconnection, 


o i E tion of that labor. The specialization of labor within an enterprise is developed. 
where one plant serves several enterprises of one city, for others, on a regional 
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in three main trends. 

The first trend is the division of the industrial part of the enterprise into 
basic, auxiliary, and service production, based on the specialization of production 
by types of product and processes performed. 

The main production is specialized for the manufacture of the commercial prod- 
uct which goes to satisfy the needs of the national economy. This production is the 
basic and dominant part of the enterprise. ‘the main production may be complete, if 
it comprises all stages of the process of manufacturing the product (fabrication, 
processing, assembly, and testing), or partial, if one or more of these stages are 
absent. For instance, an enterprise specialized for the production of standard 
parts has two stages, a fabricating stage and a machining stage, while an enterprise 
performing only assembly of the article, has only a single stage, that of assembly. 
Aircraft construction enterprises are mostly organized to handle the complete cycle 
of aircraft manufacture, and therefore their main production has all these stages. 

The auxiliary production is specialized to make products used by the main prod- 
uction. ‘the auxiliary production includes the generation of all forms of power, the 
manufacture of templates, tools, attachments, dies and patterns; tool grinding and 
rebuilding; maintenancs and repair of equipment, industrial buildings, and struc- 
tures; reconditioning and regenerating molding sand, oils, and abrasives. The aux- 
iliary production helps to tool up the main production for the manufacture of air- 
craft of new designs, and raises the productive capacity of l the min production by 
modernizing its annt and supplying improved tooling. 

The service production turns out no product, but specializes in uninterrupted 
performance of service to the main and auxiliary peodüstións For instance, the ma- 
terial stockrooms do not themselves produce materials, but merely receive, store, 
sort, list, and issue them to the shops. The transportation department handles. the 
delivery of these materials to the plant. Its staff creates no material values, but 


merely delivers loads to their destination. The timeliness of the delivery of ma- 
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terials, blanks, tools, and fuel to the enterprise, and the existence of the neces- 
sary reserve stock, ensures the continuous operation of all units of the enterprise. 

‘the coordination of the primary, auxiliary, and service productions finds its 
reflection in the proportionality between their respective capacities. The work of 
the auxiliary and service lines is subordinate to the tasks of the main production. 

The second trend is specialization within. each production, into main, auxili- 
ary, and service work. The division of labor within each form of production is ne- 
cessary for the specialization of the departments, services, categories of workmen, 
for the mechanization of their labor, and for their better organization. Wherever 
machines are used, such division of labor secures uninterrupted operation of the: 
machine during a given shift. For instance, in order to ensure continuous operation 
of a machine, the operator must be released from auxiliary and service duties, by 
assigning such duties to auxiliary and service workmen. 

The third trend is the further specialization and division of the integral 
process of labor, within each form of work, into its component partial processes, 
namely main, auxiliary, and service operations. 

Each working process in manufacturing an article consists of a cycle of opera- 
tions. ‘ithe operation is the ultimate element of the productive process. A typical 
example of the division of the integral bocas of labor into component processes is 
the division of the machining of a part into operations. ‘he degree of resolution 
of a technological process into operations is determined by the production scale, by 
the implements of labor employed, and by the degree of division and specialization 
of labor. ‘The larger the number of articles turned out and the larger the volume 
of work, the more will the labor process be subdivided into operations. The divi- 
sion of the integral work into component processes is a progressive phenomenon and 
encourages the mechanization of the labor processes and their better organization. 
‘the labor of the specialized workman is more productive than the labor of a 


multiple-skill workman. The subdivision of the technological process into ÜiSTATi- 


» 
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ual operations encourages the use of more improved implements and forms of labor 
at: and helps to improve the quality of the article. 

The development of production at aircraft construction enterprises proceeds a- 
long the path of ever increasing subdivision of the processes of labor into elemen- 
tary operations for their mechanization and better organization; in turn, mechaniza- 
tion of the individual operations and shift of the production to a higher level, 
lead to concentration of the individual operations and their combined performance 
on more advanced machines. The semi-automatic or automatic execution of operations 
of the same or different types can be combined: For instance, rough-grinding, 
finish-grinding, countersinking, reaming, and thread-cutting, which were formerly 
performed on different single-spindle machine tools, are now combined in a single 
machine tool. An automatic riveter now performs operations that formerly were sep- 
arate manipulations: drilling, countersinking, punching holes for flush heads and 
rivets. ‘the combination or concentration of operations leads to a shortening of the 
time consumed, since the operations no longer are performed consecutively but usu- 
ally simultaneously, without additional use of auxiliary, manual, and machine-manual 
time. The concentration of operátions simplifies intradepartmental planning and 
eliminates the loss of time between operations, when the parts are stored near the 
machine tools, waiting their turn for machining. The concentration of operations 
on one machine results in ganging of a series of machines, which automatically exe- 


cute the complete cycle of operations on a part. 


Hhythm of the Productive Process 


Section A. 


The differentiated system of producer machines constitutes the natural founda- 


. 


tion of the organization of machine production. The system of machines gives place 
to the individual independent machine in the case where the objects of labor pass 
through a consecutive series of interrelated component processes, performed by a 


chain of producer machines, different and yet mutually supplementary. In the system 
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of machines, each component machine delivers the raw material to another machine, 


following it in direct sequence; since all of the machines operate simultaneously, 


the product is continuously at various stages of its formation, and constantly 
passes from one phase of production to another. In order for some component prod- 
ucer machines to deliver work continuously to other component machines, a definite 
correlation of their numbers, dimensions, and speed is necessary (Bibl.10). 

These regularities:  proportionality of number, size, and speed of the producer 
machines, timewise coordination of the partial processes, and continuity of their 
execution by the producer machines, determine, as a whole, the rhythm of the produc- 
tive process. The rhythm of the productive process is the technical law of opera- 
tion of a differentiated system or gang of machines. Rhythm is often confused with 
the methods of organizing the productive process. Rhythm is not the method of or- 
ganizing the productive process, but an objective property of that process. The 
economic advantage of a rhythmic process lies primarily in the uninterrupted and 
uniform work of both operator and machine, excluding speed-up or stoppage, and 
guaranteeing uniform output of the finished product by a given enterprise. 

Let us consider the principal properties of the rhythmic productive process. 

The proportionality of the production sectors is expressed in the observance, 
between its phases, shops, and departments, of a correct relationship. between num- 
ber, capacity, and speed of the producer machines, number and qualifications of the 
operators, and floor space. Consistent observance of the correct proportions en- 
courages a better distribution of the producer machines among the phases of produc- 
tion and their fuller utilization. On the other hand, disregard of the correct 
proportions leads, in production, to overloading of some departments and work shorts 


age in others. Both disturb the normal course of the productive process, causing 


inadequate utilization of productive capacity and dead time of the producer machines 


and workmen. In order to prevent disproportions in production, proportionality must 


STAT 
constantly be maintained between the main, auxiliary, and service productions, as 
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well as within each of them, between the shops, departments, services, and work sta- 


tions, never allowing one part to lag behind the other in the technology of develop- 


ment, in the level of production organization, or in the qualifications of the per- 


sonnel. 


In order to calculate the proportionality of the sectors of the productive pro- 


cess, it is necessary to have quantitative and qualitative criteria of its component 
processes and of their properties. The method by means of which proportion is es- 
tablished is called technological standardization. Progressive standards more ac- 
curately reflect the proportionality of the sectors of production and completely 
disclose its reserves. 

The timewise coordination of the component processes is based on the fact that 
each component operation constitutes a component part of the entire process and is 
directly connected with other operations. Violation of this interrelation disrupts 
the productive process and disturbs the normal course of production. In order more 
fully to reflect the proportionality of the sectors of production and to establish 
the conditions for continuous performance of the component processes, the operations 


of the productive process and the component machines performing them must be inter- 


.related in time and space. 


the timewise coordination of component processes is expressed as follows: 
First, in equalizing the time base of the operations of the technological 
process. ‘lhe more the durations of the individual operations differ, the 

less suitable will be the conditions for continuity of the productive pro-: 

cess;' 

Second, in establishing a sequence of start and output of the object of labor 

in production, such that the object of labor passes through all phases of 

production according to serat 


The method ensuring the timewise coordinated performance of partial processes 


is the operational-calendar planning and the dispatcher system of production. 


56 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


0) 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


"Ihe consecutive arrangement of the individual stages of the process in time 


was transformed into their spatial arrangement, in sequence", wrote Marx (Bibl.11). 


Consequently, the method of performing operations in time predetermines the form of 


the arrangement of the working machines in space, i.e., the productive structure of 


There must be complete correspondence between 


the department, shop, and enterprise. 


the method of performing the partial processes in time and the order of the arrange- 


ment of the working machines in the department. The more advanced the method of 


performing the component processes in time, and the greater the degree to which the 


order in the location of the producer machines in the department corresponds to this 


method, the more continuously will the productive process operate. 


The continuity and speed of the component processes depend on the level of the 


technology employed, on the attained degree of proportionality of the producer ma- 


chines, and on the timewise coordination of the individual processes. ‘fhe gang 


producer machine, consisting of a differentiated system of various individual pro- 


ducer machines and of groups of such machines, is more advanced, the more continuous 


the process performed by it, i.e., the fewer the breaks in the passage of raw mate- . 


rial from the first phase of the process to the last phase. Ina well-developed 


enterprise, the principle of uninterrupted linkage of the individual processes and 


of their maximum acceleration is the general rule. In order to maintain this prin- 


ciple, a number of measures are taken: 


1. A combined mechanization of the main and auxiliary work is accomplished. 


2. ‘the machines and equipment are erected in accordance with the flow of the 


technological process, in order to shorten the path traveled by the work- 


pieces in production. 


3. Efficient supply and servicing of the work stations is organized, provid- 


ing materials, tools, and maintenance, thus ensuring timely and uninterrupted per- 


performance of work at each work station. 


- TAT 
he The productive process is planned in time on the basis of the Seras 
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parallel and parallel methods of performing the processes of production, thus 
shortening the cycle of manufacture of the article. 

All these methods of the productive process are manifested to different degrees 
in different types of production. The rhythm of the process is less sharply mani- 
fested in individual production and is more fully manifested in mass production. 
Rhythm, being an objective property of the machine process, is not, however, mani- 
fested of its own accord, but only when conditions necessary for its appearance have 
been created. 

These conditions include primarily: proper technological quality of the air- 
craft design; existence of stand-by and emergency equipment at all stages of pro- 
duction; uninterrupted supply and timely technical servicing of the work stations; 
and correct planning of production. 

For a socialist enterprise, which is characterized by the planned development 
of production, the criterion for the rhythm of the production process is the annual 
output in accordance with a predetermined graph and attainment of the assigned eco- 


nowic indices. 


Section 5. Planned Work of an Enterprise According to the Graph 


The primary task of a socialist enterprise is to fulfill the State assignments 
with the optimum economic indices. For successful performance of this task, the 
plan must most fully reflect the demand of the law of planned proportional expansion 
of the national economy, must observe the rhythm of the productive process, and must 
provide for concrete and operative management of the enterprise. 

The essence of the planned work of an enterprise consists in fulfilling the 
annual, quarterly, and monthly plans, not as an overall satisfaction but as a uni- 
form fulfillment of the plans in accordance with a graph worked out in advance for 
the output of finished product; this means fulfilling the plan not merely as an 


overall for the entire enterprise, but daily, in each shop, for each crew, for each 
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machine tool and in each shift, fulfilling the plan not only with respect to its 
quantitative indices, but necessarily also with respect to its qualitative indices, 
setwise, assortment-wise, observing the established standards, and according to the 
established plan for production cost. 

Work by graphs is based on an exact calculation of all possibilities of the 
enterprise and on their fullest possible utilization. 

the organization of work by graphs allows an enterprise: 

1) More exact maintenance of proper proportion between the volume of material 
and labor expenditures and the volume of the output; 

2) More uniform utilization of the fixed and working assets throughout the 
plan period; 

3) More uniform and more complete loading of the work stations and prepara- 
tion, in good time and in every way, of each work station for work of the 
following shift; 

L) Timewise coordinating of performance of the component processes on each 
part or on each batch of parts, and establishing at each work station an al- 
ternation of work volumes or of regularly repeated operations which will en- 
sure shift-by-shift performance of the plans at each work station and the 
uniform output of finished product by the enterprise. 

Conducting the production on the basis of graphs induces the managers to pro- 
ceed to a timely, thoughtful, and more efficient organization of the work of each 
unit of production, improvement of labor discipline and of the responsibility of 
each worker for timely and high-quality performance of the work scheduled by the 
plan, promotion of smooth work of all units of production, increase in labor activ- 
ity, fuller utilization of equipment, and liquidation of losses of all kinds. Work 


by means of graphs raises the level of production. 


Section 6. Combined Mechanization and Automation of Productive Processes STAT 


Combined mechanization and automation of productive processes is the major 
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trend in the technological policy of a Socialist State. 


Combined mechanization of the productive process and of each work station is A 
expressed in the combination of mechanization of the primary work with mechanization 0) 
of the auxiliary processes, control of the quality of the work, insertion into and 
removal of the workpiece from the machine tool, transfer of the workpiece to the 
next work station or department, collection of the chips and other waste. The com 
bined mechanization of productive processes represents the transition threshold to 
their automation, enhances the total economic effect of the production, facilitates 
the operator!s work, and increases his productivity. 

A machine is more productive, the greater the extent to which it replaces human ` 
operators and the more iortiruonbis and faster the productive process is realized by 
it. Automatic machines are the most highly developed machines and ensure continuity 
of the productive process. Automation is the highest form of organization of the 
productive process and is characterized by the fact that: ... "the producer machine 
performs all motions necessary to process the raw material, without the intervention 0 
of an operator who only exerts control"...(Bibl.12). = 


Under the conditions of the socialist economic system, the automation of pro- - 


duction creates conditions for the limitless growth.of production and of labor pro- 
' ductivity, and modifies the conditions and character of labor. With the automation 


- of production, unskilled heavy physical labor ‘disappears. Manual labor is replaced 


by machine work. The universal operator is replaced by the highly skilled machine 
setter, the electrician, the group leader of the productive process. ‘he character 
of labor is modified.- The essential difference between physical and mental labor 


disappears. The technical basis of communism will be the automatic system of m- 
chines. 


Section 7. The Production Cycle and its Components 


One of the most important criteria for the quality of the organization of the 
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productive process in time, at the enterprise, is the duration of the production 
cycle for the manufacture of the finished article. 

The production cycle is the period of manufacture of an article, measured by 
the time from placing the raw materials and semifinished goods into production to 
their conversion into the finished article. 

This period consists of the technological time, consumed directly in the proc- 
essing, assembly, and testing; the inspection time, spent on verifying the quality 
of the machine and its parts and units; the transportation time » spent in movement 
of blanks, parts, units, and assemblies from one stage of production to the next; 
and, finally, the time for natural processes (drying, aging, etc.) and the dead 
time. 

The dead time is composed of breaks caused by: 

a) The necessity of delivering blanks and parts to the work station a certain 
time.in advance of the beginning of the corresponding operation, in order to avoid 
idle time of the operator; l 

b) The coincidence of the periods of performance of different operations at a 
single work station, so that the work items must wait for the work station to becone 
free; 

c) Incomplete utilization of calendar time and operator time - breaks between 
shifts, lunch breaks, incomplete coverage of all time by the shifts at some sec- 
tions and work stations, and stoppages due to poor organization of labor. 

The duration of the production cycle of manufacture is affected by the speed.of 
the production process, depending on the level of technical and organizational de-' 
velopment of the enterprise. The shorter the production cycle, the more rápid win pi 
be the turnover of the working assets of the enterprise, and the sin aie will be the. i 
amount of such assets required. For instance, 100,000 rubles are spent on wariufac-: 
turing an aircraft. If a plant turns out one aircraft a day, if its procs AT 


cycle is 180 days, and if the coefficient of increase in expenditures is 0.6 » then. 
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the enterprise would-have to have a volume of work in progress equal to 100,000 x 
x 1x 180 x 0.6 = 10.8 million rubles. However, if the cycle is shortened to 60 
days, the enterprise would need an inventory of work in progress amounting to 
only 3.6 million rubles, i.e., only a third as much. 

‘the’ production cycle is longest if the operations are performed in succession. 
In this case, the cycle equals the sum of the time spent in performing the techno- 
logical, control, and transport work and in various breaks, i.e.,: CY = trech * 

t teont * ttran * tbreak* 

To shorten the production cycle, it is necessary to reduce the time spent on 
each element of the productive process, 

The technological time, or time of direct manufacture of an article (the tech- 
nological cycle), is shortened by using more advanced machinery and by increasing 
the labor productivity. To cut the time spent in natural processes, the latter are 
replaced by processes performed by a producer machine in a shorter time. 

The inspection time is cut by mechanization and automation of the inspection 
work, by better organization of the inspector's work, and by coordinating the in- 
spection operations with performance of the main work. 

The time of transporting the article is shortened by arranging the main shops 
and their equipment according to the course of the technological process of manu- 
facturing the article, as ‘well by mechanizing the transport work, and by timewise 
coordination of performance of the main work with the movement of the article (work 
on the conveyor). the time of breaks between operations is shortened by careful 
preparation of the equipment for the work, by timely commencement of work at all 
work stations, by exact matching of the times of beginning and finishing the proc- 
essing of a given batch of parts on various equipment. 

In series and mass production, the form of timewise organization of the pro-. 
duction process exerts an immense influence on shortening of the length of the pro- 


duction cycle. 
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Section 8. Forms of Organization of the Production Process in Time 


The operations on work items may be performed in sequence, sequence-parallel, 
and parallel. The cycle will be longest if the sequence method of performing com- 
ponent processes is used, and shortest with the parallel method. The larger the 
number of articles produced, the wider application is made of the sequence-parallel 
and parallel methods in all stages of production. 

The parallel and sequence-parallel performance of steps and operations of a 
producer machine shortens the normal time per piece. On universal and certain types 
of special machine tools, the part is machined by a single tool which successively 
perform various steps in the operation. Such machines are uneconomical and are be- 
ing replaced more and more by others in which the process of machining is performed 
in parallel or in sequence-parallel by several tools on one or on several parts. An 
example of a machine tool operating by the sequence-parallel method is a multicutter 
lathe in which a single set of tools simultaneously performs the sum of several 
steps and another set of tools the sum of other steps on one or several parts that ` 
are being simultaneously mchined. ‘the same is true of the gang automatic machine 
in which each spindle performs a definite operation; on such à machine tool, with 
one approach of the tool to the parts, all operations are simultaneously performed, 
each of which is performed only on a single part. All operations are performed in 
parallel by aggregate gang tools, which are placed in operation in an automatic or 
flow line. 

The sequence, sequence-parallel, or parallel performance of operations on a 
batch of parts has a substantial influence on the length of the cycle of its proc- 
essing. | 

The sequence performance of work consists in performing each successive opera- 
tion only at the conclusion of the processing of each batch of parts in the preced- 


ing operations (Fig.8). STAT 
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The production cycle of a batch of parts under the sequence method of perform- 
ing the work, is calculated from the formula 


/ m 
Cus -5 i Dwat mt, mius]. 
where T, is the calendar time of one shift in minutes; 
S is the number of shifts per day; 
n is number of parts in batch; 
m is the number of process stepe; 
Tp is the piece time of operation; 
Ny st is the number of work stations occupied in operation; 
tde] is the delay time spent of batches of parts between operations, in min- 
utes, including time spent in sending them to the intermediate operations 
in the heat-treatment shop and in the coating shop; 
tnat is the time for natural processes, in min. 

Note: l In the formulas for calculating the production cycle (cf.pp.6h, 66, 
and 68) in work involving resetting of equipment, T, is replaced by Te (standard 
piece-calculated time). 

The sequence method of performing operations on a batch of parts is used in 
individual and series production. 

The inca performance of work on a batch of parts consists in 
transferring the parts from one operation to the next, without witing until the 
processing of the entire batch has been finished in the preceding operation (Fig.9). 
' The sequence-parallel method is used with large batches of parts to be processed 
and with long operations. The transfer may be piece-by-piece or in portions of the 
batch, which are called transfer batches. The size of the transfer batches is de- 
termined by the load capacity of the transport facilities, by the capacity of the 


containers, and by other factors. 


2 
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If the preceding operation takes longer than the following operation, then the 
processing of the last transfer batch in the following operation does not begin be- 
fore the entire batch of parts has been completely processed in the preceding opera- 
tion (Fig.10). 

With the sequence-parallel method, the length of the cycle is shortened because 


| 


ees TE 


e 


Fig.8 - Graph of Sequence Performance of Operations on 
a Batch of Parts 
n ~ Number of parts in batch; Tp - Piece time of operation; N, yt - Number of 
work stations occupied in operation; t¿e] - delay time of batch of parts between 
operations 


a) Operation number; b) Number of work places; c) Calendar. time 


of partial coincidence of the time of performance of adjacent operations. The num- 
ber of parallel matchings of operations is always less by unity than the total num- 
ber of operations in the process. The processing cycle of a batch of parts with the 


sequence-parallel method (Cseg- par? is calculated by the formula STAT 


e 


STAT 
65 


nme hc nime pt oe he pH PH RE Ri 
Eier 


m m—1 
C = Tp _— Y SE Tp. short 
seq pr” 2 GE: > (n— p) hort + 


NaaTkS 


4+ Mide). du MÍ nal. 


TS LS > 


where p is the size of the transport (transfer) batch; 


mo EN short. is the duration 
Nu est HS 


operations. 


Example. Required, to determine 


Fig.9 - Graph of Sequence-Parallel 
E ÓN of Operations on a 
Batch of Parts 
n - Number of parts in batch; 
Tp - Piece time of operation; 
p - Number of parts in transfer 
batch; T= klapsed time 


a) Operation; b) Calendar time 


of the shortest operation of each two adjacent 


the duration of the manufacture of a batch of 


TAAA 
| 


Fig.10 = Graph of Sequence-Parallel 
Performance of Operation on a Batch 

of Parts in Cases where the Preced- 
ing Operation takes Longer than the 

. Following Operation 
n - Number of parts in batch; TE 
time of operation; p - Number of parts 


- Piece 


in transfer batch; T- Elapsed time 


a) Operation; b) Calendar time 


parts: front landing-gear struts - if the size of the batch is 10 pieces , and the 


system of work is two shifts with an 8-hour working day. 


The time of the interoper- 
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ation delay (tge;) = 480 min (1 shift). 

l. On sequence performance of work on the batch of parts, the length of the 
cycle is equal to: 
Number of Parallel Work 


Stations at which Oper- 
ation is Performed 


Type of Operation (as Examples, 
Only the First Five Operations 
are Taken) 


Center on two sides 


Face and dress at top, to 
diameter 116 mm 


Trim second face and dress at 
top, to diameter 116 mm 


Drill opening diameter 50 nm 
and turn to 80 mm 


Drill second opening to diame- 
ter 50 mm and turn to diame- 
ter 80 mm, face bottom 


60 . 48 
(7+19416+ 2 + 7] 


480-2 


480 
480-2 


C seqg=10 = 1,5 days 


2. In the sequence-parallel method of performing work on a batch of parts, the 
cycle is calculated as follows: 


a) The sum of the durations of the short operations is determined by selecting 
cc 


the shortest of each two adjacent operations, 


STAT 


STAT 
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b) A transfer batch of 5 pieces is taken and the cycle is determined Organization of shops working in parallel is used in many stages of the produc- 


tion of aircraft construction enterprises. In this case, the greater the work time 


(7+19416+ > + +) o 3 umed by a stage of the production line, the la ill be the number of 
Cora pi 10 uu 2 _ a ; wt sidus cons y a stage o e production e, the larger wi e the number of spe- 
cialized shops into which this stage is divided. For instance, the preparatory 
The smaller the transfer batch, the shorter the cycle. 
Parallel performance of operations on a batch of parts is characterized by the 
l simultaneous performance of all operations on different machine tools and by the 
transfer of the parts from one work station to the next in pieces or batches, im- 
mediately after completion of their processing in the preceding operation. The pro- 
ductive cycle Catch» when the operations are performed on a batch of parts, is 
calculated by the formula 
| Chath (n — p) ——— t F 5 main tig p ——— x + Ta, Fig.11 - Shortening of Assembly Cycle for Aircraft by 
| Parallel Organization of the Subassembly 
: where ee) ee main, is the time of the longest operation. 1) Wing; 2) Fuselage; 3) Wing center section; 4) Empennage; 
Nw. etl? e : e 5) Sequence operation; 6) Parallel operation 


This method of performing operations on a batch of parts is used in single flow 


lines with unsynchronized operations. stage includes the shops during the casting, forging, layout of profiles, layout of 


Organization of TEMOR Departments Working in Parallel. Fach shop is di- nonferrous sheet metal, etc. Since, within each stage, the shops operate in paral- 


vided into specialized departments. ‘he departments operate either in sequence, lel, the cycle of each stage is considerably shortened. This is graphically seen 


i where the products of one department are transferred to the following department in in the example of organization of the subassembly shops (Fig.11). It will be seen 


BREE STIS. Dea: OF A ur c ne ere ne Ed from the graph that the total time for all the subassemblies is determined, not by 


ares eer a) 


parts or matte to ac other immediately after the completion of their processing the sum of individual subassembly times, but by the longest subassembly. 


or assembly, or else in parallel, where the departments are not technologically ''he economic significance of the shortening of the production cycle is greater, 


integrated and operate simultaneously. An example of such departments working in the greater the labor cost and the monetary outlay for the aircraft (Fig.12). Con- 


parallel is the assembly department for panels, ribs, and spars, which deliver the sequently, the production process must be uniformly accelerated, i.e., the more 


E po ere wane apgembly Tine inthe Jig. The work time is spent on the article and the closer it is to the final stage of pro- 


sequence-parallel and parallel organization of the work of productive departments duction, the more extensively should the parallel method of performing the OSTAT 


hortens the shop cycle of work. "E : "S E 
sho p cy X [Y tions be used. For this reason, especially wide use is made in aircraft building of 


z STAT 
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the parallel method of performing work in the subassembly work and in the final as- 


sembly of the aircraft itself. 
s of Production of Machine-Building Enterprises 


Section 9. 


The concept of type of production"! relates not to the entire production line, 
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Fig.12 - Diagram of the Increase of Work Expenditure at Various 
a Stages of Aircraft Manufacturing 
a) Growth of work expenditure at various stages of the cycle; b) Production 
cycle of aircraft, -in days; c) Fabrication eek: d) Machining work; e) Fitting 


and welding work; f) Heat treatment and coating; g) Part, unit, and subassembly; 


h) Final assembly; i) Airfield tests; j) labor cost of aircraft in % 


but primarily to the production of complicated products or piece goods. ‘the arti- 


cles produced by machine-building enterprises are complex products of labor. 
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Machine-building enterprises are divided according to production type into en- 
terprises with unit (individual), series, and mass production. The criteria charac- 
terizing the type of production are the number and labor cost of the articles pro- 
duced, the level of the technology employed, and the degree of specialization of 
production. Only a consideration of all these factors permits an accurate determin- 
ation of the type of a machine-building enterprise. 

If an enterprise produces several articles, then the type of enterprise is 
characterized by that form of product which is dominant with respect to the produc- 
tion scale. For instance, the Moscow Automobile Plant imeni I.A.Likhachev works on 
mass production of trucks and series production of autobuses and light automobiles. 
But since the production of trucks is the predominant item, this automobile plant is 
regarded as a mass-production enterprise. 

The simultaneous manufacture by an enterprise of products of different labor 
cost and unit output, leads to the possibility of various methods of organizing the 
production process being used in the assembly line. These methods differ in the 
degree of their refinement. While the product produced on a mass scale will make 
use of high-productivity special machine tools and assembly-line forms of organiza- 
tion of the production process, less highly productive equipment (including univer- 
sal equipment), will be used for an article produced in small numbers, while flow 
lines are organized only for machining parts of particularly high labor cost or 
which are needed in large numbers. The tie. the production list of parts pro- 
duced by an enterprise and the larger the output of those parts, the smaller will 
be the number of parte and operations assigned to each. work station and the higher 
will be the degree of specialization and mechanization. 

From this, the conclusion may be drawn that the type of production character- 
izes the enterprise as a whole, while the production method characterizes only a 
part of the enterprise, a department or shop. 


STAT 
To each tvne of enterprise corresponds its own form of organization of the pro- 
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l duction. process, which will be the most economical for the given type. The form of 
organization of the production ere is inseparable from its content, it reflects 
the peculiarities of a given type of production, the level of the technology, the 
y degree of division of labor, and the production scales, i.e., the entire economic 
structure of production. 
An enterprise with individual production is characterized by the initial form 
l of specialization of production, by the predominance of universal equipment, and by 
the unit output of nonrecurrent articles of various kinds. ‘The enterprises with 
unit production includes experimental, development, and, to some extent, also main- 


tenance enterprises. 


in order to adapt a unit production to the manufacture of articles of different 


kinds, the plant is tooled primarily with universal equipment, installed in the 
” shops in uniform groups. In unit production, the number of part-operations is many 
times greater than the number of work stations available. ‘The manufacture of vari- 
ous different articles does not ensure constancy in the assignment of parts to the 
work stations. During a shift , an operator may work on various different parts, i 
performing on each part all the single-type operations that are possible on a uni- 
yersan hane tool. Such diversified work demands highly qualified operators. 
These are universal operators, who know how to set up machine tools and to machine 
parts on them, guided only by a drawing, sketch, or by the flow chart. In order to 
make'it more convenient to do various types of work on the same machine tool, the 
work station is equipped with universal tooling in the unit type of production. 

The piece-by-piece machining of various different parts during the course of a 

single shift results in large loss of working time, required to familiarize the 
worker with the drawing and the technique of the machining, to eset the machine 


tool and to change the cutting tool. These losses are still further increased by 


the large share of auxiliary procedures in the standard time. 


In unit production, the parts are placed into machining piece by piece, and the 
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Y @ smaller than a series enterprise. 


standard parts in small batches. The operations on each part are performed in se- 


quence. On transfer from one department to the next, the part does not go to the 
machine at once but waits its turn for machining. This waiting time is longer, the 
more parts are assigned for machining on a single machine tool. 

All these peculiarities of individual production result in higher labor cost of 
such articles, a longer production cycle, and a higher production cost, than in 
series production. 

A development aircraft plant, with respect to the number of aircraft produced, 
is a unit production with certain special features. 

the purpose of the development enterprises is to design and manufacture air 
craft of new designs, and to modernize machines already in series production. The 
development enterprises are specialized for the designing and production of a defi- 
nite type of aviation equipment: some produce aircraft, others aviation engines, 
still others-instruments, and so on. Each of these fields of work is exceptionally 
broad, so that the further specialization of development enterprises is by classes 
of aircraft, instruments and installations. One development enterprise is special- 
ized for heavy aircraft, another for medium, and still another for light aircraft. 
Such a specialization improves the quality of new designs and shortens the periods 
of their creation, and has strategic and economic advantages. The product of a 
development aircraft enterprise is intended to be put subsequently into production 
in a series plant, so that a development plant must develop the aircraft with par- 
ticular care in its design and technology. This helps the series enterprise to set 
up the production of a new machine in short order. The development enterprise is 
based on certain definite series aircraft enterprises, and is something like their 
initial, territorially segregated stage. There is therefore an intimate relation 
between the development and series enterprise in getting a new machine ready for 


series production. In scale of production, a development enterprise is consi qerably 


“STAT 
73 ` ; 


f 
i 
i 
: 
j 
\ 
l 


with group arrangement of equipment. 


— 


An enterprise with a series production is characterized by higher specializa- 
tion and by a larger scale of production and manufacture of single-type articles in 
series. A series is characterized by uniform design of the machines and of the num- SS 
ber of machines going into it. An enterprise may put out series of various types 
of machines, which do not recur in production. On the other hand, an enterprise may 
also put out a single form of machine whose series periodically recurs in produc- 
tion. Such enterprises include aircraft manufacturers. Depending on the number of 
machines in a series, small-series, medium-series, and large-series production are 
arbitrarily distinguished. 

An enterprise with series production differs from an enterprise with unit pro- 
duction in the more intense division of the processes of labor, in the specializa- 
tion, mechanization, and more effective organization of the production process. 

A distinctive feature of series production is the simultaneous existence, at 
various stages of production, of various forms of organization. For instance, the 
predominant form of production organization in assembly shops are single-product ry 
and multiproduct assembly lines; in the processing shops, object-group departments; á 
in the intermediate (finishing) and fabricating shops, technological departments 
In multiproduct production in the fabricating 
and machining shops it is more economical to work on large batches of parts and to 
repeat their start-up and output less frequently. On the other hand, in the sub- 


assėmbly shops, ít is more economical to work with small batches, to receive them 


from the machining shops everyday, and in sets for each assembly jig. Under these 


conditions $ when the optimum sizes of the batches for the various shops are incon- 
sistent, an extremely important problem of production planning is to find the most 
economical size of the batch of parts and the most economical form of its movement 
in production, ensuring smooth operation of all stages of series production. This E 
smoothness is characterized by the regularity of recurrence of the very same proc- 


esses at the work stations, i.e., by the rhythm of series production. 
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the batches with which a series production works, the more widely is the manufacture 
of the article differentiated into operations, the narrower the specialization of 
the work stations, and the higher the mechanization of the labor processes. 


In series production, the average category of the operators is usually above 


Fig.13 - Endless Belt Conveyor in Casting Shop (Molding Line) 


the fourth. This qualification is sufficient for performing several operations at 
the work station and for resetting the machine tool. The recurrence of uniform 
work at each work station allows the use of standard times. 

The planning of production in a series production plant consists in establish- 
ing for each shop an assignment covering the start-up and output of an aircraft- ~ 
series, so calculated that the preceding stage production is in advance of the | 
following stage. 


In large-lot production in departments with object-group arrangement of equip- 
STAT 


ment. the sequence-parallel method of performing operations predominates, and in the 
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flow areas » the parallel method is more frequent, without sending a batch of parts 
to the stockrooms between operations. 

In small-lot production, the sequence method of performing operations on a rJ) 
batch of parts is primarily used. After each operation, these parts are delivered 
for storage to the stockroom, to await the next processing on the following machine 
tool. This considerably lengthens the production cycle of the article. 

Series production is not at a uniform level of organization of the production 
process. Small-lot production has the characteristics of unit production: the as- 
signment of a large number of parts and operations to a single work station, the 
predominance of universal equipment, the arrangement of the equipment according to 
uniform technological groups, the prolonged delay of parts between operations, etc. 
On the other hand, large-lot production gravitates toward mass production. This is 


expressed in the specialization of the work stations and in the use of special 


= 
| 
i 
| 


equipment, in the establishment of flows to process labor-consuming parts and units, 
in conveyorizing the subassembly and final assembly work, and in the development of 


transportation between shops and within the shops. For this reason, the labor time, P 


ORE BES Reta eae EL 


the ‘production cycle, and the production cost of an article in series production 


LV ite 


differ sharply. 


Sab. 


Series aircraft construction enterprises are designed to put out aircraft in 

2 series and are specialized for the production of aircraft of a definite class and 
type. Some enterprises are specialized to produce high-tonnage aircraft, passenger 

` and cargo aircraft, long-range bombers; others to produce medium-weight aircraft , 


hospital and postal aircraft, attack airplanes » light bombers; still-others are 


"ENT 
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specialized to produce light aircraft: fighters, reconnaissance aircraft, aircraft 
for agricultural work; still others to produce helicopters. 


Such a specialization of enterprises permits the most expedient choice of the 


DE 


layout of the industrial buildings, the most rational layout of the shops and their 


NT 


work stations, and, most important of all, a more profitable conduct of production. 
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The number of aircraft in a series depends on the class and labor cost of the 
&ircraft, the size of the production schedule and the stage of development of the 
production. The more complicated and labor-consuming the production of & given air- 
plane, the fewer units will be in a series. The larger the production schedule, the 
more units will be ina series. As production develops, the number of aircraft in 
a series increases. ‘The first series has the smallest number of aircraft. From that 
series, the technology and design of the series aircraft are developed. 

The frequent changes in the items of production and the design improvements 
introduced in the aircraft during its manufacture » do not exclude large-series pro- 
duction, but merely demand a strict sequence in the introduction of modifications, 

a higher degree of technological culture in the organization of the production, and 
the existence of a large-scale auxiliary production, which is able to prepare the 
main production in a short time, in order to produce a new aircraft prototype. 

An extremely important feature of series production enterprises is the availa- 
bility of highly qualified cadres of engineering and technical workers and of opera- 
tors who are experienced in the conduct of series production under the conditions of 
frequent change in the production items and of frequent introduction of design im- 
provements in the aircraft being manufactured. 

A mass-production enterprise is characterized by the pronounced specialization 
in the production of a single-type product in large numbers, the large-scale use of 
equipment specialized for a definite operation, the high subdivision of labor proc- 
esses and the high degree of their mechanization » the continuity of the productive 
processes and the parallel method of their performance, the short production cycle, 
the high labor productivity and low production cost of the finished article. 

A number of books and texts advance the proposition that one of the important 
criteria of mass production is the invariability of the design in production. We 
cannot agree with this proposition. For a mass-production máchine-buildir9  Al;er. 


prise, the necessity exists for a stable schedule of parts of articles produced, but 
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unit or part, the term for the performance of the partial process by each producer 


is established. 


and with conveyorized fitting-assembly work are Widely used. 
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CENE ER 


not for their unvaried design. A stable product list is necessary for an effective are used, the stamping is done on closed, multiarm presses with electrical or gas 


specialization of enterprises and for a rational utilization of their fixed and preheating of the blanks, and the blanks are punched to the final dimensions of the 


‘working assets. As for the design of the article, it must be improved constantly e part. Intricate parts are stamped on production lines. In the machine shops, high- 


and must be periodically revised during production. productivity gang automatic and semiautomatic equipment predominates. The single- 


In socialist machine building, mass production is organized to produce the 
machines needed by the national economy in large numbers, tractors, automobiles, 
"agricultural implements, railroad cars » etc. 

In mss production, involving the continuous output of a single type of prod- 
uct, the mutual coordination of the partial processes in time and Space is expressed 
most precisely and consistently at all stages of production. The mutual coordina- 
tion of the partial processes is expressed in the rhythm of output of the finished 
articles and, in accordance with that rhythm, by the rhythm of production of the 
units, parts, and their blanks. The rhythm of output of finished products is the 
principle of organization in accordance with which the technologists break down the 
processes of machining the parts and of the assembly of units into partial processes 
With a duration equal to, or a multiple of » the rhythm of the output of the finished 


‘article from the main conveyor. In accordance with the rhythm of manufacture of a 


Fig.l, ~ Assembly and Welding line for Truck Cabs 


In mass production, specialized for the output of a large volume of products 


of the same type, production lines. with automation of the operations of processing tool equipment has given way to multitool equipment: multicutter, multidrill, 


. In mass production multireamer and multimilling batch and continuous equipment. The intermediate op- 


specialized to a wider product list » the shops have, 


besides automatic production erations, painting, drying, heat treatment, are mechanized and are included in the 


lines and continuous conveyors, multiproduct production lines and chain arrangement processing and assembly lines. 


of the equipment in multipart sections as well. 


In mass production, in the stamping and machine shops, the parts are not merely 


In mass production, all forms of casting work, beginning with the operation of manufactured, but are also assembled into units and assemblies. In the automobile 


core drying, molding, pouring, and ending with the flask knockout 


» are mechanized industry, the body, cab, engine, gearbox, and other shops are organized alSTAThis 


and handled on conveyors (Fig.13). 


In the forging shops, automatic forging machines 


principle (Fig.l). 
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The stockrooms and shops are connected by continuous overhead trolley conveyors 


ec t Ent 


bile plant imeni I.A.Likhachev, for instance, the frames, wheels » bodies, cabs, and 


E 
i 


| | 
l and by various floor truck and electric transportation facilities. At the automo- 

; engines are delivered by an overhead continuous trolley conveyor s from various shops 
on the assembly conveyor, to the places where these assemblies are installed on the 
automobile (Fig.15). ‘the final assembly of the article is performed on an endless 
belt conveyor. The frame is placed on the conveyor at the beginning, while the 


finished automobile leaves the conveyor at the end (Fig.16). 


In mass production, the rhythm in the output of the article may be timed in 


seconds (for instance, in the production of electric bulbs) or in minutes (in the 
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assembly of automobiles). When the length of the operation is timed in minutes y and 
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sometimes even in seconds, it is particularly important that the operators correctly 


perform the operational steps, that the organization and planning of the work sta- 
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tion is convenient for work and does not require nonrational motions. To reduce 


[^ 


PvE 


? e auxiliary time, pushbutton and automatic control of the machine is introduced » com 
prising high-speed magnetic, hydraulic, and pneumtic clamping attachments, devices 
automatically controlling the size of the surface being processed. ‘Ihe hoisting and 
lowering of heavy parts is performed by Norici by means of electric hoists, parts 
are transferred from machine tool to machine tool on roller conveyors, inclined con- 
veyors, or mechanical conveyors (Figs.17, 18, and 19). 

Mass production uses standards based on a study of rational operating methods, 
and for each operation an instructive operational chart is worked out. ‘the produc- 
tion instruction of the operator is given great attention. The improvement in the 


qualifications of the operator in mss production proceeds along the line of im- 


Fig.19 - System of Automatic Transfer of Parts from Machine ‘lool to Machine Tool 


proving his general technological knowledge, his mastery of the setting of the ma- 


chine tools, of the related operations, and of transition to multimachine tending. 


In mass production, parallel performance of operations without returSTATparts, 


units, and assemblies to the stockroom predominates, thus ensuring a short produc- 
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tion cycle and a rapid turnover of the working capital. The start-up and output are 
planned for each part, and are directed toward. securing a rhythmic course of produc- 

‘tion. In order to prevent interruption in the production lines, spares of blanks, - e | e 
parts, and units, the so-called emergency spares, are established in mass production. 
“he principles of mass production are used by aircraft enterprises in large-lot 


output. 
CHAPTER III 


CONVEYOR PRODUCTION SYSTEM AND ITS APPLICATION TO AN 
AIRCRAFT CONSTRUCTION ENTERPRISE 


EM TRIS 


Section l. Definition and Classification of Lines 
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Conveyor production system or line method is the name given to a form of organ- 


aw 


ization of the productive process in which the processing and assembly of the arti- 


4i 
EY 


cle are subdivided into operations of period equal to, or a multiple of, the output 


period of the article, in which the work stations are located along the route of the 
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manufacturing process , in which specialization and periodicity in the performance of l 
the operation or operations assigned to each work station are applied, and in which 
synchronism, continuity, and parallel performance predominate in all operations , 
thus securing a rhythmic output of the product. 

The introduction of line methods of production does not always mean a thorough 
division of the production process into a number of operations, performed by differ- 
ent operators. Such a subdivision is made in the initial period of industrial de- 
velopment, when manual work and a low degree of mechanization prevail. When pro- 
duction develops on a basis of higher technology, however, there is concentration 
and combination of high-productivity equipment of processes that were formerly dis- 
jointed. 


genna qr AS 


STAT 
Line production is characterized by a high level of mechanization of the main 
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by the maintenance of communications between the work stations, sections, shops and 
stockrooms through special transportation facilities. Mass production and inter- 
changeability of the product are the most favorable conditions for the use of the r 
line method. There are several versions of line production, each characterizing a 
definite level of technological development and organizational stage of line produc- 
tion. This permits a differentiation of "one form of the line from another by means 
of such basic criteria as synchronization of operations, continuity and speed of 
their performance, level of combined mechanization of the main and auxiliary work. 

According to the level of mechanization of processes, lines are classified into 
automatic and nonautomatic. 

Depending on the degree of continuity of the processes » there may be two forms 
of lines; continuous, characterized by complete synchronization of operations, and 
discontinuous, characterized by partial synchronization of operations. 

Depending on the number of parts or units assigned to a production line, the 
lines are divided into single-product lines and multiple-product or group lines. If 
a single item is processed on a production line, such a line will be a single- e 
product line. If the processing of several parts or the assembly of several units 
is assigned to a production line, such a line will be a group line. 

| According to the number of parts fed from operation to operation, the lines are 
subdivided again into such where parts are fed from one work station to the next 
piece-by-piece, and lines where the parts are fed from one work Station to the next 
in batches. The batch transfer of parts is rational with short operation lines and 
in cases where it is more economical to transfer the parts in a measuring or count- 


ing container, when they are simultaneously processed in a multigang attachment and 


must be transferred in sets, and, finally, where special features of the technologi- 


cal processes demand this, for instance, when parts are charged in batches into a 


furnace or into a bath. 


Depending on the form of motion of the item being processed or assembled $ e 
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single-product lines are again subdivided into lines in which the article is shifted 
among work stations by means of a production line » and those in which the article 
remains stationary on stationary stands while the operators pass from one stand to 
the next at intervals of time equal to the scheduled pace. 

The use of the line method allows an increase in labor productivity, an in- 
crease in output, reduction in spoilage » economy of productive area, shortening of 
the production cycle of the finished article , and reduction of its production cost. 

The line method permits a considerable reduction of the labor time consumed in 
aircraft manufacture. This is graphically evidenced by the experience of the large 
American aircraft manufacturer, Boeing. When this company manufactured the first 
hundred B-29 aircraft, it used 157,000 man-hours on each aircraft » but when it 
changed over to the line method, it used only 57,000 man-hours per aircraft and was 
afterward able to reduce this figure still further to 30,000 man-hours. 

During the years of World War II, the extensive use of line methods at Soviet 
aircraft plants reduced the labor time for the manufacture of the Yak-9 fighter 


to 2450 man-hours, and of the attack plane I1-2 to 6896 man-hours. 


Section 2. Calculation of the Pace of the Production line, and Synchronization 
of Operation i 


In order to reduce the duration of the operations of the tacinbiogiead process 
to a value equal to, or a multiple of, the pace (rhythm) of output of the article, 
one must first calculate the average pace of production of he article and bring 
the paces of the feed lines into correspondence with it. 

If the output of N articles by the enterprise is intended during the Plan pe- 


riod Tp], then the average planned pace of production of such an article will be 


Tn 


STAT 
if the Plan period includes the entire. production cycle of an article C ora 


STAT 
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portion of it Co» then the average pace will be, respectively: H 5 is the number of shifts per day, in this particular case 2; 
E 8 is the number of hours ina shift; 


or P sm PL- Cpe 


Zi ma Noon 228 is the number of hours by which the time fund is reduced due to shortening 


| of the working day before holidays and Sundays. 
where n is the number of articles in the batch. The paces of feed lines which provide the final assembly line with parts or as- 


The pace is established separately for each form of article. The overall pace semblies may be equal to the overall pace or several times smaller than it, depend- 
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of the assembly line of the article and the paces of the feed production lines are 1 dno on the dwiber-of ido dines or anti E ON 
calculated in accordance with the average.pace. E The pace for a parts-processing line is usually established with allowance for 

The time AnteryaL between the periodically recurrent output of two identical E the need for spare parts and the necessity of replenishing the emergency spares. The 
A see HUE de cta ote Pave SO ASS E formula for calculating the pace of a part processing line has the following form: 
is calculated from the formula F 


where ro, is the overall pace in hours or minutes; where k is the time loss on routine repair of equipment, in percent (usually 3-54 » 


depending on the complexity of the equipment and the number of shifts it 


Si Qe a eer a I le 


Tan is the annual working time in hours or minutes; 


E 


Nan is the number of articles produced per year; is being used); 


enar er 
rid 


kj is the time for routine repair of the conveyor, in percent, k2 is the number of parts going into spare parts, in percent of Nan; 


For instance, if an aircraft construction enterprise is assigned the program k3 is the number of parts to replenish the emergency spares, in percent of 


of producing 4700 aircraft a year, working two shifts, with a uniform output, the of Nan; 


Npart is the number of parts going into the annual output program 
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overall pace of aircraft assembly will be 
9 ; (N part = Nan * Mpart for one machine). 
cere ee ( EN à The pace of a production line is calculated, allowing for the features of the 


r = —————M 2 1 hour, 


ov 8 
4700 4 processes. For instance, in casting shops one must on certain production lines take 
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where (365 - 52 =- 6) is the calendar annual labor fund in days (52 days are Sundays the core drying time into consideration, on others, the time of pouring and solidi- 


and 6 holidays); : fication of the metal; in welding shops, the time required for heating the nd 


through and for welding large units; in heat-treatment shops, the time taken for 
* this occurs when a new article is first put into production. 


heating up the metal in the furnace; in galvanizing shops, the electrolysis time; in 
STAT 
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painting and varnish coating shops, the drying time. 


The operation times in a production line may be equal to the overall pace, to 


TSR Fe verge TY 


multiples of it, or to fractions of it. The following is an example of the distri- 


a tee 


TDI 


bution of time among 12 operations in a production line with a 15-minute pace. 


E PEPE PERE 
mra p oa 


The time of operations 1, 2, 7, 9, and 12 coincides with the pace of the line. 
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Operations 3 and 4 are handled by a single operator. The time of operation 11 is 
double the line pace and therefore there must be two work stations in parallel to 
handle it. The time of the remaining operations approximates the line pace. 

The synchronization of the operations, i.e., the equalization of the duration 
of the operation times to correspond to the calculated pace, is accomplished in 
various ways: by mechanizing the operations » by improving the technology, by dif- 


ferentiating or combining operations, and by better labor organization. Automatic 


EGP EI RYN TELA Hte 


lines in processing shops and conveyor lines in assembly shops operate on the basis 


inire ety fe! 


of complete synchronization of operations. With partial synchronization, the time 


of the individual operations is shorter than the line pace, which leads to dead 


AS 


time of the equipment and to layup of the párts between operations. 
The number of work stations in the line for each operation (w.st) is determined 
by the formula: 
W. st. + Tp 


, 
r 


e 


where Ty is the standard time per piece in the operation; 
r is ane line pace. 


The coefficient n of loading of a work station in the production line is de- 
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termined by the formula 
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where P, 4, is the calculated number of work stations; 


Padopt is the adopted (established) number of work stations. 


The pace of a production line must be periodically shortened, as the technology 


in the line is improved and the operators rapidly master the operational methods. 


The shorter the pace, the faster the tempo of work. 


Section 3. Automatic Production Lines 


The automatic line is the highest » most economical form of production line , and 


consists of continuous-action machines. 


Automatic production combines the principle of continuous performance of proc- 


esses and the principle of automatic performance of processes. The principle of 


automation distinguishes automatic production from line production. It is the Speed 


of the automatic performance of processes and the degree to which the processes of 


manufacturing an article are covered by automation that characterize the level of 


automatic production and distinguish its more developed stage from its less devel- 


oped stage. According to the stage of development, automatic production lines are 


divided into lines covering: partially or completely » uniform work on a part; com 


pletely, all work on a part; and overall, the entire manufacture of the ‘article. An 


example of partial automation of uniform work in the manufacture of a. part is given 


by two automatic sections placed in a production line turning out automobile-engine 


blocks. These sections perform the operations of boring, countersinking; and ream- 


ing, and operate at the same pace for all the production lines (Fig.20). The fol- 


lowing indices will give some idea on the economic effect of such automatic sec- 


STAT 
tions. On the first section, 32 operators out of 36 were released, i.e., laoor 


productivity was increased eightfold. On the second section, 56 operators out of 59 


STAT 
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were released, i.e., labor productivity was increased more than thirteen-fold. 
An example of automation of all the work is an automatic piston plant in which 
all processes, beginning with the operations of casting and ending with the opera- 0, 


tions of suspending and balancing the pistons, are automated and performed by a sys- 


Fig.20 - Automatic Section of Production Line for Engine Blocks 


tem of interlocking automatic. continuous-acting machines. This plant has only a 
j fifth as many Workers as a nonautomatic piston, plant » yet their productivity 
is 8 - 9 times as great. The production cost of the piston has been cut to a third. 
' The following five basic trends have been noted in the development of automa- 
tion in the machine-building industry. 
The first trend has been the establishment of automatic lines based on the ies 
of existing equipment » by providing it with additional devices automating the 
| "Rachine-nanual and manual operations. Such an automatic line for processing hubs, 
$ blished at the Stalingrad Tractor Plant in 1940 by the inventor I.P. Inochkin, 
r productivity 12 times and the output of product from the equipment 
for” Processing rollers, established at the First State Bearing 


«ELO (1941), “increased labor productivity fivefold and MN) 


doubled the output of product from the equipment. 

The second trend is the establishment of automatic lines with individual ma- 
chines specialized to perform a single operation on a certain part. Such equipment 
is used in highly developed mass production. 

The productivity of special equipment of such production lines is immense. For 
example, a 207-gang five-position machine tool replaces 276 single-spindle universal 
tools, cutting the expenditure of time for processing a part by a factor of hun- 
dreds, increasing labor productivity 280-fold, and making it possible to save much 
production space. 


A disadvantage of this form of automatic line is the high cost of designing and 


Fig.21 - Wing Assembly Line Equipped with Pulsating Belts and 


Suspended Jigs 


producing the special equipment, and the fact that such an automatic line exists 
only until the production item is changed. Replace one part or unit, and STATentire 


line ceases to exist. 
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The third trend is the establishment of automatic lines of multiple machines, 
specialized to perform one or several operations on a single part. Multiple equip- 
ment, consisting of a gang of standardized parts and units, is more economical than 
individual equipment. 

The fourth trend is the creation of multiple machines specialized to perform 
one or several uniform operations on a group of typical parts entering into a single 
design-technological group. Such automatic lines will presumably become popular in 
serial aircraft production. 

The fifth trend is the creation of special machine-tool combines, including 
multiple machines, which completely perform all uniform operations on a part. The 
machine-combine has a number of advantages over producer machines built into an 
automatic line. At the same or higher productivity, it replaces a group of machines, 
occupies less floor space, and allows shortening the production cycle of the part. 
The machine-combine does not demand complex transport facilities between machines, 
and operates reliably. For this reason, the process of concentration of different 
or Tuba operations on a part in a single machine-combine is acquiring increasing 
favor in machine-building at mass-production plants. 

Up to now the design of automatic equipment has proceeded along the line of 
constructing automatic lines for producing certain articles. The transition to 
eure articles meant, in fact » the construction of a new line. The modern develop- 
ment of ‘machine-building demands a rapid change-over of automatic production from 
one kind of finished article to another, the development of highly flexible control 
systems. ‘he development of electronics and the construction of computers now per— 


mits the design of machines that will control the technological processes in 
m&chine-building. 
Section 4. 


Single-Product Continuous Production Lines 


The continuous 
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is a higher form of organization of production 
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A distinctive feature of the continuous 


than the discontinuous production line. 
line is the complete synchronization of operations on division of the line into op- 
erations, and the complete synchronization of the sum of operations on their distri- 
bution among the assembly jigs of the line. 

A continuous line is realized with forced movement of the article being proc- 
essed or assembled. Forced motion is achieved by the use of appropriate transport 
facilities, which may be either of the continuous-action or the discontinuous- 
pulsating action type. 

Continuous forced motion consists in the simultaneous assembly and transport of 
the assembled object. Thus the assembly of automobiles, tractors, and other mass- 
produced machines takes place on the conveyor. In this form of assembly, the con- 
veyor line is arbitrarily divided into working zones of equal length, i.e., into 


zones of equal distances between the centers of two articles on the conveyor. 


The number of work zones w.z is determined by the formula 


Fe op 


where T4 , is the labor cost of assembly work on the conveyor, in hours; 
rg is the pace of assembly of an article on the conveyor, in hours or min; 
Nop is the average number of operators working in one zone of the belt. 
The length of a work zone equals the distance traveled by the article during 
the time taken by a crew or single operator to do the work assigned to that zone. 


The length of a work zone is defined by the formula 
l =0 ır, 9, 


where i is the length of the work zone of the belt, expressed in m; 


v is the belt speed, in m/min; STAT 


r is the pace of flow of assembly of the article, in min. 


x STAT 
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The traveling speed of the belt is so established as to make it possible to 
perform the assembly operations without lowering their quality. 


The length of the belt is defined by the product of the belt speed and its pace 


` and by the number of work zones plus 2 to 3 mat the ends of the belt for the ap- 


proach to it: 
L=r¿ + U + wz + (2. 2). 


On an endless belt, the cycle of assembly of the article is equal to the number 
of work zones multiplied by the overall pace of assembly of the article: 


Cé =Z W2. fe. 


The area S occupied by the belt is equal to 


S=(H+2Ap) -L, 


.where H is the width of the belt, in meters; 


Ap is the width of the approach on the sides of the belt, in m; 
L is the belt length, in m. 
Example. Required, to calculate a production line for continuous assembly on 
a belt with an output of 240 units per shift. The belt TEE with 


dollies 2.5 m long, with the distance between the dollies being 0.4 m, the belt 


Width 1.5 m, and the width of the approaches 2.5 m each; the standard time (actual) 
for assembly of one article is 64 min; the loss of Working time for rest by the 


operators is 2%; one operator works in each zone of the belt. 


Solution. 


l. Determine the rate of assembly of the article on the belt: 


96 
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240 =1,96 min. 


2. Find the rate of motion of the belt: 


I 2,54-0,4 . 
oor = 1,96 =1,48 m/min 


3. Determine the number of work zones on the belt: 


WZ. = =32, 7 (letustake 33). 


1,96-1 


le The length of the belt is 


L*re*0*Wz ==1,48. 1,96: 332—957 m. 


5. The area occupied by the belt is 


S=1,5+ (2,5+2) - 95,7 622,05 m8, 


6. The assembly cycle for the unit is 


Cy =33.1,96=64,68 min 


Pulsating forced motion differs from continuous motion in that the processes 


of assembly of the article and its displacement alternate periodically. The article 


is assembled with the belt stopped, and as soon as the process of assembly is com- 


pleted, the belt travels the length of one work zone. A pulsating line is used 


where the performance of the operations and their control is possible only when the 


object being assembled is at rest. 


The pace of a pulsating line is 


has re + b av 


STAT 
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Fige2h - Diagram of Aircraft Final Assembly Belt 
a - Aircraft assembly line before hanging the wings; b - Assembly line 
for aircraft with wings 
installation; (f) Garage for intrashop transportation; (g) Vestibule 


(a) Stockroom of shop; (b) Propeller preparation section; (c) Control desk No.1; 
(d) Section for removal of propeller and engine from storage No.l; (e) Radiator 


Fig.23 - Transverse Arrangement of Fuselages on Assembly Belt, STAT - 


Shortening the Length of the Belt > A. 
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where Tpuls. is the pace of the pulsating line; 
re is the working pace of assembly on the belt; 
terav is the time taken for the belt to travel the length of one work zone. 


Example. Determine the working pace and calculate the length of stay of an 


Fig.25 - Diagram of Final Aircraft Assembly Line Equipped with 
Automatic Control of Belt from Dispatcherts Desk 


a) In rhythm; b) Remaining 


LI 


assembly on'a pulsating belt with the following data: 40. assemblies are produced 
ina shift; „the number of work stations on the belt is 20; loss of working time 2%; 


distance between work stations is 1.6 m; the rate of motion of the belt is 2 m/min. 
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le The pace of the pulsating line is 
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N vnit 40 


="12 min. 


2. The time taken by the belt to travel one work zone is 


L 1,6 


bam V = 79 70,8 min. 


3. The working pace of assembly of the article on the belt is 
Fe fas fray 12 —0,8=11,2 min. 
l. The assembly cycle on the pulsating belt is 


C p= Kay 42 =12X20=240 min .—4 hrs . 


Lines with pulsating belts have found wide application in subassembly shops 
and in shops of preliminary and final aircraft assembly. In the subassembly shops 
the line assembly of spars, ribs, and other units is performed, together with the 
assembly, welding and protection of the fuel take , and the jig assembly, and in 
particular, the non-jig assembly of assemblies. At some enteres » the line as- 
sembly of flat assemblies is performed in movable jigs with an overhead conveyor 
(Fig.21), in others, in mobile jigs with a floor belt (Fig.22). In both types of 
enterprises, various other operations, including finishing of the joint openings 
and trimming of the slin are performed without removing the assembly from the jig. 

The design of a pulsating line is such that the area is effectively utilized: 
and the length of the conveyor trolley is minimized (Fig.23). 

For this purpose, two sublines are established in the final aircraft cTATibly 


shop, one during installation on the aircraft before hanging the wings, the second 
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for installation on the aircraft after fitting the wings to the fuselage (Fig.24). 


During World War II, the final assembly of assemblies and aircraft at a number 
of aircraft construction enterprises was handled by automatic-acting pulsating 
belts. The belts were electrified, controlled from a single dispatcherts desk and 
were equipped with sound and light signals, warning the operators that the belt was 
about to move again (Fig.25). The performance of assignments on the belt lines was 
indicated automatically on the switchboards of the dispatcherts desk. 


Section 5. Features of Organization and Calculation of Single-Product 


Discontinuous Lines 


A discontinuous line is characterized by partial synchronization of operations 
and is used in aircraft building in the machine shops, in processing the high-labor- 
cost parts, for instance, beams and clamping bolts; in the fitting and welding 
shops, for the assembly and welding of high-labor-cost units (canopy, controls 5 
frame); in the subassembly shops, for assembling the assemblies in stationary 
(fixed) jigs; in the work shops handling the electric, radio, and special equipment 
of the shops of preliminary and final aircraft assembly; in the stationary assembiy 
of aircraft. l 

A continuous production line with a single operator at each work station and 
With piecewise transfer of parts is organized and calculated in the following order: 
selection of part (a11 unit) assuring by its labor cost, with an assigned program, 
the loading of the work stations of the line; calculating the rate of flow and » in 
accordance ith that rate » the subdivision of the processes of processing or as- 
sembly into operations; the partial synchronization of operations to eliminate sharp 
discrepancies in their duration; designing the tooling » jigs, and fixtures for the 
combined mechanization of the work in each operation; final designing of the line $ 
setting up of the equipment and instructing of the operators. 

The following is an example of the calculation of the pace of such a line, of 


the required number of work stations and their loading coefficients. 


102 
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Assume that 32 parts are to be produced per shift. 
The operational times of the part are indicated in Table 3. 
Find the pace of the line: 


ple 190 15 min E 


Na 32 


The further calculation of the line will be seen from Table 3. 


Table 3 


Turret lathe 
Lathe 
Milling 
Milling 
(profiling) 
Grinding 1 


| 6 |o,81| 484 | 5 | 0,97 
a) Operation No.; b) Type of operation; c) Length of operation, in min; 

d) Rate of flow; e) Quantity of equipment; f) Calculated; £) Adopted; h) Co- 
efficient of loading of equipment; i) Number of operators; j) Coefficient of 


loading of operators 


The discontinuous production line with the crew form of work at each work sta- 


tion is used in the assembly of compartments, assemblies, and of the entire air- 


craft (Fig.26). The organization of the line is conducted in the following se- 


quence: calculation of the pace, layout of the operations by assembly Jiggy AyHeu- 


lation of the required number of jigs, setting up regulations for the work of the 


STAT 
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crew members at each assembly Jig, designing the line, and instruction of the op- 


erators, 


DEAR o 


The pace of the line is found by dividing the shift time by the compartments, v 


assemblies,or aircraft to be produced in a shift. For instance » two sets of wings 


REN 


Bi 5312 


are to be assembled per shift. This means that the rate of output of a set of wings 


CENSOR: 


l|Insta]l silk filter 


2| Test fuel line for tightness 
3| Lay drainage line of fuel 
system in fuselage and wing 
center section 
4| Install fuel tanks with 
settling tank 
5| Connect drainage line and 
feed line with fuel tanks 
6| Test zone 1 for tightness 
7| Connect electric wiring to 
knife-blade switch 
8| lay and attach electric 
wiring in baggage compartment 
|) 9|Continue electric wiring to 
lavatory compartment 
10| Connect electric wiring to 
switehboard 
11| Connect electric wiring to 
instrument board 
12| lay electric wiring in wing 
center section 
13|Make electric installation 
for landing gear 
U,| Install stabilizer heating 
equi pment 
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-Fig.26 - Discontinuous Fuselage Assembly Line with Crew $ ) 


Form of Labor Organization at Each Assembly Jig 


. is h hours (8 :2=1). The rate of four hours merely established the period of 


output of the wings'by the line, but does not indicate the labor cost per work sta- i 


tion. Depending on the cycle, the technologist must distribute the entire labor 


cost of the work of wing assembly over the assembly jigs in such a way that the 


maximum number of operators can be assigned to each Jig. Taking this requirement 


UTRUM MM rare D 


into consideration, the technologist will lay out the operations in installations Fig.27 - Graph of Organization of Labor on Stand, Showing 


(assembly assignments), and will assign these to the work stations (jigs). b s CN QE 


For ex- 


| ample, four workers may be assigned to the first jig, and three a) Operation Né.; b) Type of operation; c) Labor category; d) Standard 


to the second. Con- 


sequently, the volume of work of | x | = 16 hours may be assigned to the first jig, E time; e).Operatorts specialty; f) Number of operators; g) Graph 


and 4 x 3 = 12 hours to the second. In this way, the technologist distributes all STAT ` 


the wing assembly work from jig to jig, including the operations of inspection. If 
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the volume of inspection work is large, then special stands will be provided for it 
along the line. The inspection time at a stand is fitted into the cycle of the as- 
sembly line. 

the number of assembly stands required is calculated by the formula adopted for 


calculating the working zones: 


aes Taw 


Ton 
The technologist draws up a chart for each stand for the rational organization 
of labor there. It indicates the distribution of the operations between the opera- 
tors at the stand, together with the sequence and order of performing the operations 


(Fig.27). 


Section 6. Features of Organization and Calculation of Multiproduct (Group) 


Production Lines 


Production lines on which several parts are processed simultaneously or alter- 
nately, or several units are so assembled, are called multiproduct or group lines, 

The fact that an aircraft contains a large number of typical (uniform) groups 
of parts and units offers extensive opportunities for the use of certain forms of 
group lines in the.fabricating, processing and assembly shops of an aircraft build- 
“ing enterprise. . We present a description of some of the most widely used and eco- 
nomic forms of group lines. 

One of the forms is characterized by the specialization of the line to process 
parts with the same flow chart, without repeatedly setting up the equipment. Such 
production lines, without resetting of mane , are establishdi in the tooling, 
mechanical, fitting-welding, and subassembly shops. In the tooling shops they are 
set up for making drills, reams, or gages of various diameters. 

In the machine shops, a multiproduct nonreset production line is assigned as 
many unified parts as can be simultaneously machined on each machine. The experi- 
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ence of automobile plants shows the economic advantages of the multiproduct nonreset 
lines over the ordinary object-group departments. Such a line allows work with 
mixed batches and holds the emergency spares to a minimum. 

To avoid excessive time losses, each work station of a multiproduct line is 
equipped with all attachments necessary for the simultaneous or consecutive machin- 
ing of all parts assigned to the line (Fig.28). 


All the attachments are permanently installed on the machine and are removed 


Fig.28 - Machining of a Group of Parts on a Vertical Milling 


Machine in a Multiproduct Production Line 


only for inspection and maintenance. Such production lines will probably find wide 
application in aircraft-engine building and in aircraft building, for instance s in 
machining unified parts of high labor cost: clamping bolts, cylinders, fittings, 
brackets. The future development of multiproduct nonreset production lines will 
probably proceed along the line of using standardized quick-clamping, multiple at- 
tachments, making it possible to shorten the auxiliary time considerably. uU 


In organizing multiproduct nonreset production lines in fitting and assembly 
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shops, only the fitting and assembly operations were at first included in the pro- 


duction lines, but later on the operations of clamping, adjustment, welding and $ 


inspection were also added. For the organization of group production lines, the 
welded units are classified into typical groups, and each group is assigned to a 
definite line. The simplest form of a group line in the fitting-welding shops is 


Fig.29 - Group Assembly Line for Units, Equipped 
with a Belt Conveyor 


the discontinuous production line, equipped with. specialized work stations, along 
which an endless belt conveyor is installed for the transfer of units from one work | . 
station to the next (Fig.29). In such a production line each work place.is special- 
ized to perform one operation on all the units assigned to the line. Since the op- 
erational time in such a production line varies, the pace is established according 
to the longest operation. 

In the case-where the work stations are specialized to process some of the 


items of the units handled by the line, it is expedient to use a conveyor with a f Q 


108 


distributing device, to relieve the operator of the necessity of watching the belt 
and removing his own items from it at the right time (Fig.30). 

À more complex and productive form of the group production line in fitter- 
welding shops is represented by production lines in which, instead of a belt , & con- 


veyor in the form of dollies under forced displacement or a plate conveyor with 


Fig.30 - Production Line with Distributing Belt 


single or multiple jigs screwed into it for the assembly and clamping of the units 
is used. The number of attachments is determined by the number of -parts assigned 
to the line. The first operation in such a line is assembling the parts into sets 
for the units. With this form of group production line, a forced vade is pee 


lished, with intermittent or continuous motion of the conveyor (Fig.31). 
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The use of ‘group production. lines in the fabrication of welded units and in the 
assembly of ribs, panels, bulkheads, and spars ensures the delivery of the units in 
sets at every shift to the next assembly stage. 

The features of calculating the pace of a group line in the fitting and welding 
shop will be seen from the following example. 

Example. Determine the number of work stations in an assembly line on which 
units land 2 are. assembled in sets during the period of a cycle under the following 
initial data: units proceed to the machine piece-by-piece, the output is 53 sets a 
day, the work is in two shifts, and the loss for breaks is k = 3%. 

Solution. Determine the rate of output of the set of units during a shift: 


k 
P TuS (17155) 480-2-0,97 (poss 
MN. TT — =l/,0/ min. 


Starting from this rate, we group the assembly operation per units so that the 
. length of work at each work station will be 17.5 min (Table 14). 


Table ) 


` Sequence of Technological Processes 


ma | On Unit 2 
d Standard Oper-| - Standard 
Type of Operation Time, in ation| Type of Operation Time, in 
; ` Min. No. Min. 


Stamp ball bearing 2 1 Stamp ball bearing 


Stamp bushings for 2 | Stamp bushings for 
ball bearing 2 ball bearing 
Remove cores ` 2 3 Remove cores 
Place handle on : 4 Place pedal tube 
control bolts iiy od on control bolts 
Check and fit 9 5 Check and fit 
Assenble control 6 Assemble control 
stick with cables 10 stick with cables 


D 
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Grouping of Assembly Operations 


Work Station Operations Operations Total Time on 
No. on Unit 1 on Unit 2 Units, in min 


1, 2 and 3 
4 and 5 
6 


Thus the assembly is conducted at three uniformly loaded work stations. 


Another form of group production line, which does require machine resetting, 
is used mainly in machine shops, when the labor time of a single part does not pro- 


Fig.31 - Group Assembly and Welding Line for Units, 


Provided with a Pulsating Belt 


vide adequate load for the equipment of the line. In that case, several par? I AL. 


ing the same flow sheet and demanding equipment of the same type, and which, taken 
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together, provide a high load for the equipment, are assigned to the line. 

Starting from the labor cost of the batch, the corresponding number of days in 
each month is assigned to each part for its machining, from month to month, and 
during this period the production line handles only a batch of these parts. In 
order to hane over from the processing of a part of one designation to processing 
a part of a different designation, the machines of the production line must be 
. Changed over and set up again. The change-over of the machines and the starting of 
the part may tike place simultaneously at all work stations of the line if a back- 
log of emergency spares is in existence; if there is no such backlog, then the ma~ 
chinas. of khe: lines are changed over in sequence, as the batches of parts pass 
through the opérations of the line. In such a line the parts may pass from machine 
to machine in individual pieces or may be transported in batches. 

The features of the calculation of the pace and the procedure for Start-up of 
parts in such a line will be seen from the following example. 

Exanple. Required, te determine the pace and the number of work stations » and 
to construct the flow cet of a batch of parts in a variable line. Two parts, a 
bushing and a’ Ting, are assigned to the line; The bushing is taken one by one at 
each machine , and the Tings, two, by. two. 


The "program is to process 64 sets a day. 


There are two shifts, with: an B-hour working day. Table 5 shows the flow sheet of 


„the manufacture of these parts. 


Table 5 


. Flow Sheet of : 


, Flow Sheet of 
Part. "Bushing" 


Part "Ring" 


‘Turret lathe 10 


Turret lathe 


Lathe ` i5 


Milling machine Milling machine 


Drilling machine Drilling machine 


wu EE UO N BH 


7 
6 
Fitting bench 12 
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Let us solve this example in two versions: working with monthly batches and 
working with three-shift batches. 


The solution of the first version consists in determining the number of days in 


the month during which the line will be occupied in processing the parts "bushing"? 


and the number of days during which the line will be occupied in processing the 


parts "ring". This is determined by the ratio of the labor cost for the parts. The 


labor time of a bushing is twice that of a set of rings. For this reason, we may 


consider roughly that of the 26 working days of the month, 17 working days should 


be assigned to the part "bushing" and 9 working days to the part "ring". 


The solution of the second version is performed in the following sequence: 


1) Find the rate of output of one set of parts: 


Pee nce MEN 


N sel.part 64 3 
2 


2) Determine the required amount of equipment on the production line by adding 


the labor time of the corresponding operation on the bushing and ring (Table 6). 


Table 6 


Turret Lathe | 10+(2,5x2) =15 1 1 1 
Lathe 15 15 1 1 1 
Milling | 7T-H4X2)—15 1 1 ET 
: Drilling 64-(4,5x2)—15 a Y wl oo i. 
Fitting 12 0,8 l 0, 8 


Total for Line | 4,8 | 5 | '0,96 


a) Type of operation; b) Length of operation on bushing and ring, in min; Al TALe 
of line, in min; d) Number of machines; e) Calculated; f) Adopted; g) Coefficient 
of machine loading > 
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3) Determine the number of parts in a batch: 


64 TON 
Notch bushing 7 g 79: 17790 pieces 


64 ; 
N baich rings = 92-192 pieces 


l) Determine the time taken to process a batch of parts by operations: 


Bushing Ring 
96x 10 192x2,5 
== 0: ———=8 hrs. 
Turret Lathe 56 =16. hrs 60 h 
Lathe EET hrs = 
192x4 
Milling %X7 =11,2 hrs. e 12,8 hrs. 
96x6 192x4,5 
Drilling === — 214,4 hrs. 
[4 60 9,6 hrs. 60 1 r$ 


Fitting 19,2 F = 


On the basis of the duration of work so obtained, we construct a graph of the 
. machine loading by shift and establish the periods of starting the batch by opera- 
tions (Fig.32). 

' Still another form used for the group production line has as its major feature 
- not flow operation, but merely a rhythmic operation and is characterized by the 
selection and assignment to the production Tine of typical parts with various opera- 
tions of varying length on the part. It may even involve several operations on some 
parts. In this line, the operations on the parts assigned to the line are not syn- 
Bliponguss ng condition is important and compulsory for this form of rhythmic op- 
` eration, namely that the total duration of the operations on the entire set of parts 
on a machine shall be equal to, or be a multiple of, the pace of output of the 
parts, or shall approximate it (Table 7). 

The sequence of starting the batches of parts is so selected as to minimize the 

loss of time in M the equipment, on change-over from prócessing one part to 
processing another With this object » the parts are first classified. The parts l 


1H, 
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assigned to a multiproduct line are placed in one technological subgroup and have 
the same flow sheet. If there are not enough of such parts to load the work sta- 


tions, then a few similar subgroups of parts are also assigned to the line. In this 
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Fig.32 ~ Graph of Machine Loading by Shifts for Processing a 
Batch of Parts, Bushings and Rings 
a) Days and shifts; b) Type of parts and operations; c) Bushings; d) Turret 
lathe; e) Lathe; f) Milling; g) Drilling boring; h) Fitting; i) Ring; j) Tur- 
ret lathe; k) Milling; 1) Boring drilling 


case, the flow sheet will be established according to the leading parts. On such 

& line, the processing of a batch of parts at each successive operation begins after 
reserves of parts have been built up to ensure PM loading of the mem station. 
The times of setting up of the machines and the processing of the batches of one 
and the same parts for various operations, are successively staggered from shift to 
shift. The size of a batch of parts is so selected that it is not necessary t^ »a- 


STAT 
set the machine more often than once or twice in every shift. The technique of cal- 
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culating such a line will be seen from the following example. Solution. Find the number of sets of parts that must be produced in a shift: 
Example. In a machine shop the parts A, B and C are assigned to a production 


Then find whether it is expedient to use the rhythmic starting and output of 
parts. Let us select from all series the most protracted and the most often repeat- 
ed operation. In our example, this will be E No.l. 

The actual labor time for 16 sets of parts in this operation, taking the over- 


fulfillment of the operational standard by the operators into account, will be 


(10X249+46) -16 


à : tet EREMO UM min .. 
i) 33 | 3 | 2 | 25 | 2s 
a) Part,No.; b) Operation; c) Turning; d) Milling; e) Drilling; f) Grinding; The time of the machine doing operation No.l on three parts during the course 
e, , 
g) Fitting; h) Duration of operation, in min; i) Total of the shift will be 


480X (1—0,03) =466 min. 
line for machining in sequence. The production schedule for these parts is 800 sets 


t 
a month with 25 working days in the month, two-shift operation (8-hour working day) © 9 mhis indicates that the machine will be loaded by 2 x 100 = 100% during the 


and a 20% overfulfillment of the standards by the operators. The time loss for course of the shift. Uca are ee s this naa oie 


equipment maintenance amounts to 3% of the working time. The operational times by dient 
ient. 


parts, taking account of the id d and clean-up times on a batch, are as follows: let us further assign the recurrence cycle of thé CORE 0.5 neca da 
termine the time taken to process each batch of parts, out of the total two-week 


machine time of the production line. 


| 


T,=12,5%2x0,55=13,75 shifts ; 
Tp=12,5X2X0,27=6,75, shifts ; 


T¿=12,5X2X0,18=4,5 shifts. . 


Determine the calculated rate of flow for each part separately. 
a) Part; b) Name of operation and duration, in min; c) Turning; d) Milling; : 
e) Drilling; f) Grinding; g) Fitting; h) Time for machining lpart, in min; 


3,75x8x60x0,97 — 6240 
i) Number of parts in l sec; j) Time for machining 1 set, in min; k) Share of For part A [LUC = 0778 min. STAT, .., 
E labor time of vart in labor time of set, in % o | : x $ | : 
i HB 117 STAT. ` 
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6,75x8x60x0,97 — 3120 . 


F rt B = = = ,8 ry 

dE 2d 40x1 moo 
4,5x8x60%0,97 — 2160 E i 3 

For part C p= AAA a ——-5.3 i 

peur 400x1 400 "mm 


Section 7. The Most Important Conditions for the Normal Operation of a 
Production Line 


-— IT A Pp er 


The selected form of a production line must most fully correspond to the con- 
ditions, needs, and features of a given production. 

In series production, the line must first of all be tied in with the system of 
operation of the shop, with the methods of planning, and the order of starting the 
batches. The change-over to a production line ensuring rhythmic output of the pro- 
duct must necessarily be accompanied by an increase in labor productivity and an 
increase in the efficiency of the equipment. 

Being the highest form of production organization, the production line also 
demands a higher level of technical training. Ina production line, each work sta- o 
tion is related to the adjoining ones by the pace of product output. Interruptions 
at one Nori station are immediately reflected at the following work stations. In 
order to prevent interruptions in the operation of a line, a system of preventive 
| measures is used. The operator receives his shift assignment and instructions from 
| ‘the foreman on the day before the shift; before start of the shift the machine is 
| tested by the maintenance worker and is set up by the machine setter, the work sta- 
tion is supplied with blanks before the beginning of the shift, and the first part 
' turned out is checked by the mechanic or machine setter. During the shift, it is 


mandatory to change the cutting tool at prescribed intervals of time. The parts 


i produced are periodically subjected to 100% or spot inspection. When signs of 


spoilage are noticed, the inspector immediately notifies the operator. To ensure 
Fig.3l, - Continuous Overhead Trolley Conveyor for Delivering STAT 


uninterrupted operation of the production line during the period between deliveries 


i € 


| 118 ' 


Engine to Place of Installation in Automobile 


119 STAT 
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of batches of parts, a reserve of blanks is built up at the beginning of the produc- 


pt cud Aag ae 


Section 8. Purpose and Forms of Transport Facilities Used on Production Lines 


tion line. This will be the interdepartmental or intershop emergency reserve. To 


ensure simultaneous beginning of operation at all work stations of a line, there is e Ð The series arrangement of work stations and an invariable route to be followed 


a reserve of parts, known as the technological reserve, at each work stations To by the parts to be processed or the article being assembled create favorable condi- 


tions for the use of various transport facilities on production lines » to relieve 


the operators from lifting heavy articles and from delivering them to the next work 


station. Transport facilities are divided into inter-operation (local) and line. 


Inter-operation transport serves only two adjacent work stations. Such facili- 


ties include slides, chutes, roller conveyors, and various mechanidal transfer de- 


vices. 


General line conveyor facilities are represented by a single transport system 


for the entire line. 


The general line facilities include assembly conveyors and roller conveyors 


used in casting and machine shops; trackless trolleys, used in subassembly shops; 


monorails, used in fabricating and subassembly shops for hoisting and transporting 


E e LUE EES KU TIGE a EATER ERR LA IA Td 
A A A EA NN TIRAS 


a compartment or assembly from one jig to the next (Fig.33); chain, band, plate, and 


other conveyors and conveyors of the floor and overhead type (Fig.34). Transport 


belts and conveyors may be either of continuous or intermittent action. Overhead 


"Fig.35 - Continuous-Action Conveyor; Initial Operation : 


Installation, ana Mounting of Automobile Plane conveyors are convenient for assembly and riveting flat assemblies: empennage , 


wings, and wing center sections; they take less space than floor conveyors. 


eliminate excessive dependence of one work station on.another and adjacent work sta- A transport belt serves only as a means of delivering a part being processed 


ts NC : SR l 
ion, a turnoyer reserve a established between them. To eliminate the influence or an article being assembled. A conveyor is not only a transport facility but is 


of d POUR . PEE ES : E n i 4 3 
. elays due to Quadequate indoctrination on the line, as well as during the period also a place of doing work at a mechanically regulated rate of motion of the article 


of stoppage of the machine for routine maintenance, an insurance reserve is estab- being assembled (Fig.35) 


lished“. Line production is based on strictest observance of technological and 
labor discipline. ' | 


E 


* The methods for calculating reserves are given in the Chapter Such advanced forms of labor organization as multitool servicing, through crews 


"Operational 


for high skill and crews for high labor productivity, have found widest application 


Planning of Productiontt, * | 9 
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on production lines. The production line does not eliminate the use of. individual 
piece work and of advanced methods of work, but encourages their development. 

Collective, mutually coordinated work, is particularly important in the produc- 
tion line. 

In aircraft construction enterprises the production line was first employed in 
the final assembly of the aircraft and in its subassembly operations. Since then, 
the creative inquiry of Soviet engineers and aircraft builders has been more and 
more expanded in the field of development of line methods. 

During World War II the use of the production line method was especially preva- 
lent. Casting and machining of large parts and welding of large units, as well as 
the fabrication of tanks, were transferred to production lines. 

The principles are used by multiproduct (group) production lines in machine 
shops and fitting-welding shops, which under the production conditions for multi- 
product and multi-unit articles, such as the aircraft, were of great economic im- 
portance, 

In the subassembly and in final assembly of aircraft, the transition from dis- 
continuous production lines to continuous-pulsating Production lines began, accom- 
panied by widespread conveyorization of the assembly work. 

The use of the production-line method in the Soviet aircraft industry has led 
to profound technological and organizational changes. More highly developed tech- 
nological designs of engines and aircraft were introduced, more productive instru- 
ments of labor, processing methods and inspection began to be used, together with 
widespread mechanization of hoisting and transportation work. The design of the 
productive process was improved and the level of service to the work stations was 
enhanced. Overall, the production line method has raised aircraft production to a 
higher level. 

The task of further improvement of the line methods of production now faces the 


workers of the aviation industry. 
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CHAPTER IV 


THE PRODUCTIVE STRUCTURE OF THE AIRCRAFT CONSTRUCTION ENTERPRISE 


Section l. Definition of Productive Structure and its Main Elements 


The aircraft construction enterprise, for conduct of the production process has 
available a group of industrial building and structures, machines, machine tools, 
transport facilities, and other facilities. The order of arrangement of the tech- 
nological facilities in space is determined by the sequence of the arrangement of 
the individual stages of the process in time. | 

In assembly-line production, the shops and work stations are arranged in se- 
quence, in accordance with the course of the technological process, ensuring con- 
tinuity in the performance of the technological, transport, and inspection opera- 
tions. In series-aircraft production operation, this cannot be fully realized, but 
even in this case one must still strive to straighten and shorten the path of manu- 
facture of the aircraft, and to realize the principle of oih flow in production, 

By the productive structure of an aircraft construction enterprise we mean the 
forms of specialization and cooperation of its productive elements, their composi- 
tion, and the forms of their organization. The productive structure determines the 
position in space of the shops, departments, and equipment, which affects the linear 
flow and continuity of the process; it also determines the number of shops and their 
departments as well as the form of organization of the shops and departments STAT 


The productive structure is affected by such factors as the kind of machine 
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Fig.36 - Comparative Diagram of the Mechanical Shops of Aircraft Construction and 


Aircraft-Engine Enterprises 
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manufactured and the technology of its production, the volume of output, and the 
degree of specialization of the enterprise. 

The type of machine being manufactured determines the cross section and compo- 
sition of the shops of the enterprise, a point which will become obvious, for in- 
stance, when comparing the machine shops of an aircraft construction enterprise with 
those of an aircraft-engine plant (Fig.36). The higher the degree of unification 
and design integration of the machines, the more stable will be the composition of 
the shops and departments. 

The influence of the production scale is manifested in the fact that, the 
broader the list of parts and assemblies of the aircraft and the greater the expend- 
iture of social labor, the more shops an enterprise will have. The larger the num- 
ber of machines put out by a plant, the fewer will be the operations assigned to 
each work station and the more specialized will the shops and their departments be- 
come. Specialization and cooperation lead to a curtailment of the operation schedule 
and production stages, to a simplification of the productive structure of the enter- 
prise. 

The directives of the 20*h Congress of the Communist Party on the Sixth Five- 
Year Plan of Development of the National Economy have forbidden the construction of 
small casting and forging shops at machine-building plants in regions where special- 
ized casting and forging-stamping plants and shops exist or are under construction. 
The establishment of high-capacity casting and forging-stamping shops at some air- 
craft construction plants, to serve a group of plants, will permit the liquidation 
of the miniature casting and forging-stamping shops at a mmber of aircraft plants. 
The directives of the Congress specified the organization of specialized plants for 
the production of standardized, normalized, and unified parts and units and of spe- 
cialized plants and shops for fabricating small mass parts of rubber, plastics, or 
wood. This will lead to a further simplification of the productive SUERGURUE. nf 


TAT 
aircraft construction plants. 
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The principal units in the productive structure of an enterprise are shop- 


department-section-work station. 


© Ba A: a 
The shop is the primary unit in the management of the enterprise. Depending on: 


E e E) e e e e e e 
its purpose, i.e., on the form of. the product being manufactured and the character l 1 — E E EZ [— C— E E 


Section 2. Purpose of Shops ànd Forms of their Organization 
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of the processes performed, shops are subdivided into main, auxiliary, service, and . j | a) 
subsidiary. Shops may have a technological, object, and mixed specialization. i AAA —— —— — — — —— —À —À — — — — — 
| In technological specialization, the performance of uniform operations, for f ; | 


y instance, casting, forging, machining, heat-treating, are concentrated in the shop. 


1 With object specialization, various operations are concentrated in a shop, thus | SL al 2g at Jb Jk d Ll 
i o e e e 9 9 9 


; ensuring complete processing and assembly of a list of uniform parts assigned to the 


. e e e © E 9 2 
shop (as, standard parts shop), of uniform units (as » fitting shop) or of processing ES r E e E | E | | | | | | 


i and subassembly (as, landing-gear shop). With object specialization, processes of | 


: various stages are combined in a single shop. o | e —ttü—- ———-. —EH > ———— H- 
F. a b) 


Object specialization is widely used in mass-flow and large-lot series produc- 


Fig.37 - Diagram of a Department with Process Layout of Work 
t simplifies planning and intershop communications, shortens the cycles of fabrication l | Stations in the Sections 


tion and has a nu&ber of economic advantages over technological specialization. It 


of parts and units, increases the responsibility of the shop for the quality, not 


a) Lathe section; b) Universal milling machine section 


only of the processing of the parts » but also of their assembly into units or as- 


j semblies. The mixed form of specialization is characteristic of aircraft construc- 


tion enterprises. _ In the assembly shops, uniform operations are concentrated » while 


at the same time the shop is also specialized for assembly of a given assembly. For 


' , instance, shops may be specialized for the assembly of fuselages and wings. 


‘A productive shop consists of production departments and sections, auxiliary 


Fig.38 - Diagram of Movement of Parts between Operations with 
work shops, and services. ` , 


, , the Process layout of Work Stations in the Departments 
A section (work shop or bay) is headed by a senior foreman and is the basic 


a) Lathe department; b) Milling machine department; c) Grind- STAT 


unit in the management of the shop. ue ; 
f 9 [- ing machine department; d) Department stockroom 
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Fig.39 - Diagram of Department (or Section) with Product-Process Iayout of Equipment 


a) Legend; b) Grinding machine; c) Lathe; d) ‘turret lathe; e) Milling machine; 


f) Three-place bench 
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A department consists of several 


sections, each headed by a shift fore- 


man. Each senior foreman usually has 
not less than four shift foremen un- 
der him, and each shift foreman 20-25 
or more production operators. ‘the 


more highly specialized a section and 


the higher the qualifications of the . 


foreman and operators, the more op- 
erators it will have. 

The entire volume of the work of 
a shop is determined by the depart- 
ments and their sections » taking ac- 
count of the fullest utilization of 
equipment and productive area, the 
provision of a short route for the 
parts, and a short cycle for their 
manufacture. 

Depending on the form of Spe- 
cialization and organization of the 
production process, the productive 
structure of the departments e 
their sections is based on differing 
layout of the work stations. 

A department (or section) with 
process layout of work stations com 


bines work stations of the same type, 
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specialized to perform technologically 9 | 


uniform operations on parts of different kinds. If for instance, in a machine shop, 


the lathes are grouped in one department, the milling machines in another, and only 


grinding machines in a third, then these will be departments (or sections) with a 


process layout of work stations (Fig.37). In such a department, a part is not com 


pletely processed, meaning it is not finished. To perform operations of a different 


kind, the part is transferred to a different department, for instance, from the 


bending-press department to the finishing shop, from the lathe department to the 


Parts are transferred from one process department to another 


milling department. 


through the intermediate stockroom (Fig.38). This prolongs the cycle, complicates 


the planning, results in the introduction of 100% operation inspection, and gives 


rise to other substantial disadvantages. ‘the process layout of equipment is the 


most uneconomical of all and is used under the conditions of development and small- 


lot production, i.e., in cases where the number of part-operations is many times 


greater than the number of work stations. The only advantage of the process layout 


is the absence of replanning of the equipment when the production item is changed. 


A department with a product layout of work stations combines work stations 


which provide for completeness of the cycle of processing parts or assembling units. 


This almost completely eliminates the operational dependence of one department on 


another (only for such operations as heat treatment, pickling and coating must a 


part be transferred from one department to another department or shop, and even 


then, not invariably). ‘the rational principle of organization of closed departments 


within the shop must not, however, be carried to the stage when they become econon- .. 


For instance; parts entering into various units or assemblies, 


ically inefficient. 


but having the same flow sheet, should be processed in the same department and in 


the same shop. Product departments are subdivided into product-process, product- 


chain, and product-line. 


A department with a product-process layout of the work stations combines work 
STAT 


stations of various types, specialized to perform various operations on various 
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parts, with all the necessary equipment for completeness of the processing of such | 


parts available in the section, arranged in uniform groups (Fig.39). A part passes ' ES: a 
through uniform operations on one machine and, for performance of another form of e | 6 E 4 pu T ds * 
i Op t0 + o ~ 
work, is then transferred to another machine in the same department. ‘Ihe processing z KE: a 3 “2 E ae E 
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Q e [^] rd ~ 
machine indicates that the given subgroup of parts is being | a b p É EE E * 
E LE A, ow 
processed on that machine. E 7 El pe yA 
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of parts is done in batches and mainly by the sequence method. The product-process 


In a department with chain arrangement of. the work stations, the equipment is | 


rj 

SEE q a 
arranged in accordance with the course of the technological process of the leading zi b wo 38 
: : 2 l . E n 9 q 
parts. By leading parts we mean either parts with the greatest labor cost or uni- ` | $9 S hi PE "I 
2 E] . ` LJ H e [ pO g 1 H 
fied parts. Individual parts, with à processing sequence not coinciding with the | 2^ E o 5 5 ü 

. fa o &m Qu 
processing sequence of the leading parts, may move backward, but the main group of 9 A AN am - 
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parts.in the section is transferred from machine to machine in the order of arrange- 
ment of the equipment. A department with such a sequence layout of equipment is 
customarily called a direct-flow section (Fig.40). In a direct-flow section, the 
operational times of processing the parts are not equal, and therefore the parts lay 
over between operations. The parts are processed, and transferred in batches from 
one machine to the next. When the processing of a batch of parts is completed, the 
machine is changed over to processing parts of a different batch. The operations on 
a small batch of parts are serial, but on a large batch they are sequence-parallel. 
The parts do not go to the intermediate stockroom of the section but remain at the 
work stations between operations. 

A line departmént is characterized by the arrangement of the work stations ac- 
cording to the course of the process on one or several parts whose operational times 
are equal to the pace of output by the section, a multiple of it, or close to it. 
line departments are organized either in the form of individual line sections, spe- 


cialized to process one or several parts, or in the form of a single through produc- 


" tion line. The latter is the case at aircraft construction plants on subassembly 


lines and on the final assembly line of the aircraft. Such a unitary production 


line cannot be split into individvally located departments, and yet it cannot be 


l managed by a single foreman. In that case, the production line is arbitrarily di- 


vided into sections, with a shift foreman at the head of each. 

Each form of department has its own inherent method of organizing the produc- 
tion process. For.instance, for a process department, the method of as of 
the production process inherent in piece production is used, for a product-process 
department the method inherent in series production, and for a line department, the 
method inherent in large-lot and mass production. Each department or section con- 
sists of. the sum of its work stations. 

The work station is the basic unit of the productive structure of the enter- 


prise. Depending on the degree of division of labor, one or several operations are 
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l - Drawing press; 


stallation; 


2 - Bending in- 


ing machine; 


4 - Profile bend- 


E 


5 - Drop hammer; 
6 - Drop hammer; 


[2] 


7 - Roller shears; 
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10 - Piercing ma- 
chine; 


11 - Vertical 
milling ma- 
chine; 


12 - Band saw, 


À - Rack for 
parts; 
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Fig.42 ~ Planning of Fabricating-Stamping Shop Organized on Process Principle 
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assigned to a Pes work station. The subdivision of the technological process into 
operations, which are performed at separate work stations, establishes the interde- 
pendence of the work stations. This dependence in space is determined by the layout 
of the work stations, and in time by the periodicity of the performance of opera- 
tions at the work station. The more continuous the process, the more sharply will 
the interrelation of the work station be pronounced. For example, in production 
lines, the work stations of adjoining operations are arranged in sequence and are as 
close as possible to each other, while in time they are connected by the same rhythm 
of work. In piece production, the connection between the work stations is not mani- 
fested in so sharp a form, so that the stations are arranged in groups of equipment 
of the same type. 

To ensure uninterrupted operation of the productive departments in a shop, 
auxiliary workshops and services are organized. 

The auxiliary workshops of a shop include the workshop for routine preventive 
maintenance and current maintenance of fixtures, attachments and tools, for fabri- 
cating simple tools and auxiliary tools (gaskets, keys, washers, bushings). 

Another ee workshop is the workshop of the shop mechanic s which is de- 
signed to handle the € inspection and routine preventive maintenance of the 
shop equipment. 

. The tool-grinding work shop is organized in large shops, or serves a group of 
shops. l 

"Such workshops relieve the auxiliary shops from small orders and emergency re- 
pairs. The equipment in the auxiliary workshops is arranged in a process layout. 

The auxiliary services of a shop supply the work stations with technical docu- 
mentation, materials, blanks, tools, attachments, and anything the operator may need 


during the shift. The blueprint files (VYCh) receives the drawings for the article 


erators, stores them and accounts for them. The starting materials and blanks 
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from the central files, delivers the drawings and flow sheets to the foreman and op- 
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stockroom (MASK), receives, stores, accounts for, and issues the materials and blanks 
to the work stations, collects and sorts the scrap and waste. The interoperation 
parts reserve stockroom (PROSK) receives, stores, and accounts for the interoperation 
reserves of parts, and transfers the parts and units finished in process from one 
department or section to another or to the finished products stockroom of the shop. 
The finished products stockroom (SGP) receives the finished parts or units from the 
departments, makes them up into sets, accounts for them, and issues them to the con- 
sumer shops. The auxiliary materials store receives these materials, stores them, 
accounts for them, and issues them to the departments, workshops and shop services. 
The tool distributing stockroom (IRK) receives, stores, accounts for, makes up sets 
of, and issues to the work stations, the cutting and measuring tools and attach- 


ments. ‘he materials handling crew delivers, transports, and ships the shop loads. 


The cleaning service cleans the shop and makes sure that the room is kept in order. 


The excessive subdivision of an enterprise into shops and, within these shops, 
into departments and sections, leads to an increase in the payroll for engineering- 
technical workers, employees, and auxiliary workmen. At present, with the increasing 
qualification requirement for workers of enterprises, the productive structure 


should be simplified by consolidation of shops, sections, workshops, and stores. The 


experience of progressive plants, where the shop auxiliary workshops and certain 


services have been replaced by plant-wide services, serving groups of similar shops, 


is becoming more widely disseminated. For example, one workshop is organized for 


maintenance of equipment , one workshop for maintenance of attachments and other 


tooling, tool rebuilding, etc. Figure 41 gives a classification of the main produc- 


tion shops of an aircraft construction enterprise, and Table 8 lists the normal 
complement of productive and auxiliary workmen, engineering-technical workers, and 


employees for these shops. 


Section 3. Classification of Fabricating Shops and their Productive StructuSTAT 
In the fabricating stage of aircraft construction, ‘the blanks are prepared by 
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the methods of casting, free forging and hot stamping, cold drawing, shaping, punch- 
ing, drop-hammer stamping, bending, drawing and grinding. The fabrication stage is 
distinguished by the large list of blanks , numbering many thousand items, depending 
on the class of aircraft; for their fabrication, specialized fabricating shops are 
organized in the enterprise. The level of technology and organization of the fabri- 
cating shops largely determines the technical level of the subsequent stages of pro- 
duction. 

The use of mass-production equipment in the fabricating shops, the expansion of 
the list of parts produced, which are fabricated in their final dimensions, and of 
the lists of blanks fabricated with minimm tolerances, release the machine shops 
from grinding work and the assembly shops from gaging and fitting parts in situ. The 
concentration of fabricating operations at special shops, owing to the high degree 
of mechanization, leads to a reduction in the labor cost of the fabrication work and 
to a saving of scarce and expensive materials. According to the data of a number of 
enterprises, mechanized sheet material work permits a saving of 5 - 6% of duralumin, 
4- p. of Plexiglas, and as much as 5% of fabric in an aircraft. 

The fabricating shops are organized primarily in accordance with the method of 
fabricating the blanks and are subdivided into casting, forging, laying and prepar- 
ing, stamping and piping. With as hetas output of machines, the fabricating 

i shops are specialized in Socobdanes with the kind of materials of which the blanks 
are fabricated. For instance » the shoet-metal and blanking shop is subdivided into 
the ferrous sheet-metal working shop and the nonferrous sheet-metal working shop. 

' With a large list of blanks, sheet-metal shops are specialized according to the 
kind of blanks, and nonferrous sheet-metal work, profile work and skin workshops are 
noia. l 

The mon structure of the fabrication shops may be organized according to 
the technological criterion (Fig.42) or according to the product criterion. 
When a shop is organized according to the technological criterion, uniform 
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Table 8 


Approximate Standards for the Number of Engineering-Technical Workers, Employees 


and Awdliary Workmen for Shops of Aircraft Construction Enterprises* 


Shops with Following Numbers of Productive Workmen 
100 | 150 | 200 | 250 | 


in $ of 


Category of Workers 


300] 350 | 400 | 450 500 | 600| 800 


Total Number of Productive Workmen of Shop 
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equipment and uniform technological operations are concentrated in each department. 


For example, in a fabricating and stamping shop, the following departments are organ- 


DESI row Yann, SE E 


ized: cutting, milling, punching, shaping, heat-treatment, and finishing operations. e 


pobres 


Such a structure complicates the management of the shop and lengthens the route of 


Ha 


each batch as well as the cycle of processing. With technological specialization of 


Aa 


3ando 


the departments, a shop is compelled to plan and take account of the starting and 


3and6 
2 
5 


A RIO EOS 


transfer of batches óf blanks from department to department for each operation. For 


Third Department 


ical Processes and Number of Parts in Process 
3and5 


instance, with an 8000 blank list on the average, for 3 - 4 operations on each 


2and6 


blank, and under the conditions even of three-months batches, the shop is forced to 


3 


keep 8000 part-operations under observation in each department every month. 


The operational specialization of departments makes it necessary to assign op- 


erators in separate details for each operation, and 100% operational inspection must 


A21. 


4and6 


be introduced for the acceptance of work and for its accounting. This gives rise to 


2 


Second Department 


A E anas- 


an immense amount of accounting documentation and makes it necessary to employ an 


ARUM m m 


excessive number of inspectors. 


Sand5 
2 


When a shop is based on the product criterion, equal amounts of work are as- 


3 
2 


signed to each department in the form of & set of typical groups of blanks to be 


processed in the department from beginning to end (Table 9). This considerably de- 


First Department 


creases the dependence of one section on another. For instance, the liquidation of 


the finishing section alone will shorten by almost half the route of each part and 


> 


at the same time will increase the responsibility of the product departments for 


completeness and quality of the parts fabricated by them. The arrangement of the 


Classification of Blanks by Typical Processes and Departments 


equipment in each department, according to the course of the typical technological 


and Typical 
Processes 


process, makes it possible to transfer batches of blanks from operation to operation 


Nos. of Departments 


by the shortest route and without going to the intermediate stockroom. The assign- 


The figures denote the sequence of operations 


Name of 

Operation 
layout and cut off part 
Stamp groove 
Crimp 


Stamp 


Paste contour with paper 


Saw off place of lugs 
Round out corners 


Stamp contour 

Mill contour 
Layout and trim lug 
Stamp openings 


Stamp Part No. 
Drill 


Cut Bands 
4 | Remove lugs 


ment of typical groups by departments increases the load on their equipment. It is 


+ 


no longer necessary to make out individual operator charts. 


d IN ID 


Instead of operational inspection, inspection and acceptance of batches of 
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blanks. after the last operation is introduced. The shop does not plan operations on 
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shops are subdivided into shops for: 


parts for the foreman, but plans the starting and output of technological sets in 1) Processing parts only; 


series. fhe detailed distribution of the starts among the work stations is handled e | O 2) Processing parts and assembling them into 


by the foreman himself, 

The productive structure of the departments of fabricating and stamping shops 
is largely determined by the available equipment. For example, the availability of 
hydraulic presses makes it possible to organize a department for molding hard-rubber 
parts; the existence of drawing and extrusion presses allows a skin department to be 
organized. ‘the number of departments in the shop depends on the production scale, 
the qualifications of the staff and the variety of the list of blanks produced. ‘he 
larger the scale and the more extensive the list of items produced, the more depart- 
ments the shop must have. The higher the qualifications of the foreman and opera- 
tors, the more work stations a department may have. It is necessary to bring one 
department as close as possible to the other during the course of the technological 
process, bearing in mind the prospective development of the technology. For in- 
stance, taken together with the drop hammers, powerful hydraulic presses should be © 
available since they should gradually replace the drop hammers. 


Section 4. Classification of Processing Shops and their Productive Structure 


: The processing shops may be classified &ccording to their methods of manufac- 
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turing the parts and according to the degree of objectization of the production pro- 
cess. 
According to the methods of making the parts, the processing shops are subdi- 
vided into shops for: 
1) Processing the parts by utin which include all machine shops; 
2) Welding parts into units and assemblies, which include fitting-welding 
shops. 


According to the degree of objectization of the productive process, processing 9 


3) Processing parts and assembling them into units and assemblies. 


The shops processing only parts include shops for plastic,general mechanical, 


Shop of Fitted-Welded Units 


Department No.l. - Stick and pedal 


Department No.3 - Units of nose com 


partment of fuselage 


Department No.5 - Engine frame and 


units of empennage control 
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Department No.9 - Electric welding 


of units 


Department No.8 - Machining after 


welding units 


Department No.JO - Gas welding 


system and equipment 
of units 


Fig.43 - Diagram of Design Specialization of Departments 
in Fitting-Welding Shops 


and standard parts. Shops manufacturing the parts and assembling them into units 
include shops for electronic units, fittings, armament units and equipment, and 
fitting-welding shops. The shops manufacturing the parts and assembling them into 
assemblies include the landing-gear shop. This Shop has mechanical, assembly, and 
testing departments. It is more economical to subcontract the manufacture Um 


ard parts of some units, and of landing gear to specialized enterprises. 
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Owing to the use of more productive equipment and of flow-mass methods of pro- 


duction, a specialized enterprise uses 10 - 1, times less labor than a series- 


aircraft plant in the manufacture of standard parts, 2 - 3 times less in manufactur- ` 


ing fittings, and half as much in manufacturing a landing gear. 


There are two forms of specialization of departments (or sections) in process- 


Table 10 l 


First Department Second Department Third Department Fourth Department 


Second |First Line Second] First Line Second | First Line! Second 
Line Line i 


Line Line 
Name of Groups of Typical Parts Assigned to Production Line 


First Line 


Bushings, | Special} Bodies Bodies | Pistons, Rings, 
plugs flanges, 
sleeves 
Stub 
pipes 
ing shops: design and design-technological. In design specialization, each produc- 


tive department receives the parts or units going into one or several design groups. 
As an example, we give above such a specialization of the department of a fitting 
and welding shop of one aircraft construction enterprise (Fig.43). 

With such a specialization of the departments, for each lathe operator, sita 
or iden; a definite list of units is assigned, and he is specialized to process 
them. 

Design specialization facilitates inspection in the shop for timely introduc- 
tion of the current modifications into the unit and simplifies the planning and 
management of the departments. At the same time, such specialization is uneconomi- 


cal if the design group contains parts and units of various forms, since this leads 


to poor utilization of equipment, to excessive all-round occupation of the operators, 
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retard the use of high-productivity tooling and advanced forms of production organ- 
ization. 

In desiga-technological specialization, each department is assigned one or 
several groups of unified parts or units entering into various design groups. As an 
illustration, we give above such a specialization of the departments of a fittings 
shop of an aircraft construction enterprise. The parts list of this shop consists 
of 710 items, comprising 13 typical groups (Table 10). 

The shop has mechanical and assembly-testing departments. The specialization 
of the mechanical compartments to process typical groups has permitted more complete 
utilization of the equipment and its arrangement by the chain method. 

The design-technological specialization of departments may assume the most 
varied forms, For instance, in the shop for standard parts it is economical for 
each department to specialize in processing one or several technologically uniform 
groups of standard parts with a complete cycle of manufacture inside the department. 
For this purpose, the department must be equipped not only with automatic machines, 
but also with machine tools for the finishing or cleaning operations, the thread 
cutting, the cutting of slots, the removal of lugs. Such specialization of the de- 
partment increases the responsibility of the operators and foreman for the quality 
of processing of the standard parts, sharply reduces the finishing work, simplifies, 
Planning and shortens the cycle of manufacture of the parts. The establishment of 
independent product-process or line sections in the fitting-welding shops is recom- 
mended for manufacturing the assemblies and units of the highest labor cost, in- 
cluding canopy, frame, pedal and stick controls, and process production lines for 
the processing of small units. For this purpose, the parts list must first be 
classified into groups of unified unite (brackets, braces), etc. The design- 
technological specialization of departments and sections is more economical than the 


design specialization. 
STAT 


STAT 
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Section 5, Classification of Finishing Shops and their Productive Structure 


The finishing shops, or, as they are also called, intermediate shops, in an 
enterprise includes heat-treating, electroplating, and painting and varnishing 
shops. 

In the heat-treatment shop, all forms of heat-treatment of the parts and units 


are performed. The equipment in the shop is arranged by groups according to the 


Fig.l, - Use of Conveyors in Coating Shops 


course of the technological process. Under the conditions of large-lot production, 
the ‘heat-treatment and sandblasting work is decentralized by processing shops, and 
specialized departments are established, or the heat-treatment is included in pro- 
duction lines, such as high-frequency installations. 

The painting and varnishing Shop consists of technological departments, located 
territorially around the shops they serve. For instance, the assembly painting de- 


pertments are located close to the assembly shops. The parts varnishing and paint- 
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ing sections use conveyors with continuous feed of the parts (Fig.lh). The opera- 
tions of coating and drying the assemblies are fitted into the rhythm of the flow of 
the assembly of these units and are performed in a special department of the assem- 
bly shop, connected by a feeder belt with the line of final assembly. In the elec- 
troplating shops, equipment with automatic charging of the parts into the bath and 
automatic removal from the bath is used. 


Section 6. Classification of Assembly and Testing Shops and their Productive 


Structure 


Assembly shops are classified according to the kind of work and the stages of 
assembly. 

According to the kind of work, assembly shops are subdivided into riveting- 
assembly and fitting-assembly. ‘the riveting-assembly shops include the shops for 
wing, fuselage, empennage assembly, and others. The fitting-assembly shops include 
the shops for subassembly and final assembly of the aircraft. The testing shops 
include the airfield shop. | 

According to stages of assembly, assembly shops are subdivided into unit » com 
partment, subassembly , and aircraft assembly shops. Under the conditions of small- 
lot production, all the riveting-assembly and fitting work on.an assembly are con- 
centrated in the subassembly shop. In such a shop are organized product-process am 
line departments (or sections) specialized in the assembly of a group of related 
units - spars, ribs, panels; on the assembly of compartments of an assembly, F-1, f 
F-2, F-3 (Figs.45 - 46). ‘the general subassembly is subdivided into two independ- 
ent sections, into.a line of subassembly in an assembly jig and into a line of fit- 
ting subassembly outside an assembly jig (Figs.47 and 48). In order to shorten the 
cycle of the final aircraft assembly shop, the assemblies must be delivered to the 
shop with the maximum number of installations already prepared, and mist be com- 


STAT 
pletely prepared for attachment to other assemblies. 


STAT 
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Fig.l5 - Assembly of Fuselage Compartments in Stationary Assembly Jigs 
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In large-lot production the assembly of similar units is removed from the as- 
sembly shops and is concentrated in specialized shops (for spars, for panels). The 


assembly of each large compartment is assigned to an independent shop, for instance, 


n 


ders psy qe EE 
E. 


Fig.50 - Airfield of Aircraft Building Plant 


3 the shop for the assembly of pressurized cabins. In these shops, the predominant 
form of organization of the department are the single-product and multiproduct 
lines, and sometimes product-process departments are used. 

The assembly-fitting shops are organized to perform the work on the final as- 
sembly of the machine. At aircraft construction enterprises, the assembly-fitting . 
shops include shops for filling and jointing of aircraft assemblies, and for the 
final assembly of the aircraft. The latter consists of a line of Venerdi assembly 


of the aircraft and various workshops in which such preparatory work is done as re- 


moval from storage of engines and their preparation for installation in the air- 


craft, untwisting of electric cords, preparation for installation of the electric, _ 


Fig.h9 - Assembly Line of Aircraft with Ground Movement 


radio, and special equipment, such as, instrument boards, control desks, central 


8 


of Aircraft by Conveyor 
i switchboards, junction boxes. These workshops deliver to the main assembly con- 


veyor, equipment or assembly that has been prepared as thoroughly as possible for 
STAT 
installation. 
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‘the final aircraft assembly line is organized in the form of intermittent flow, 
using a belt (Fig.49). 


The testing shop is designed to test the quality of the aircraft. The aircraft 


tests are subdivided into ground and flight tests, and are carried out by the air- 


field shop and the flight-testing station (LIS) there. The Work of the airfield 


shop (Fig.50) is performed by the production line method under the conditions of 
large-lot production; 


À special shop, the shipping department, is designed for packing the aircraft, 
making up sets of single and group spare parts, and for shipment of the packed air- 


craft to the consumer. 


Section 7. Classification of the Auxiliary Shops and their Productive Structure 


The classification of auxiliary shops is based on the differences in the forms 


of the product and on the differences in the Work performed for the main shops. The 


auxiliary shops are subdivided into four groups. 


The first group of shops includes the electric power, compressed air, and gas- 


generator stations, and the thermal power shop. The principal task of these shops 
is the uninterrupted production of power, gas, and compressed air at the minimum 


expense per unit of product produced. 


The second group includes the following shops: lofting and template » pattern, 


tool, die, machine and fitting-welding attachments and tooling, large assembly jigs 


and equipment, and experimental shops. These shops prepare the tooling and other 


appurtenances for the main and auxiliary shops. 


The third group of auxiliary shops is occupied with the rebuilding of the im- 


plements of production, their modernization, and the fabrication of Spare parts for 


them. They include the machine repair and electrical repair shops. 


The fourth group of auxiliary shops handles maintenance of the buildings and 


industrial structures of the enterprise, It includes the repair and building shops. 
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Fig.51 - Planning of Machine Shop 
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The auxiliary shops are organized on the product principle, with a closed pro- 
duction cycle. In these shops, the productive sections are organized by the process 
or product-process criteria, according to the production scale. For instance, the 
tool shop, along with the product departments cutting-fitting and measuring tools, 
contains also technological departments with process layout of equipment, for in- 
stance, fabricating, heat-treatment, polishing, grinding (Fig.51). The production 
of tools required in large numbers (cutters, screw dies, gages, drills) is organized 
in multiproduct chain or production lines. 

During the years of World War II, a multiproduct flow line for fabricating 
screw dies was set up. On such a line, consisting of 17 work stations, lj, types and 
dimensions of round screw dies with a thread of 3 - 14 mm in diameter were fabrica- 
ted. The dies were delivered by a roller conveyor in transport batches in a cali- 
brating container. ‘he time of passage of a batch to the operations of the produc- 
tion line was reduced from 96 to 32 hours. The monthly output of screw dies was 
increased by 752, using half the number of operators. 


In the maintenance shop, the technological structure of departments prevails. 


Ordinarily disassembly-washing, machine, and installation-assembly departments are 


organized there. ‘the repair of the most massive mechanisms and units of the equip- 


ment may be organized on a production line. For instance, at one aircraft construc- 
tion enterprise the change-over of the electric motor repair work to a line basis 
increased the output from 1.25 to 4.8 motors a day. 

The auxiliary shops have the same auxiliary workshops and services as the main 


shops. 


Section 8. Classification of Plant-Wide Services and Service Shops 


The plant-wide services, serving the industrial activity of the enterprise are 


classified into several groups. 


The first group supplies the shops of the enterprise with materials, semifin- 
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ished goods, finished articles, standard tools y and reclaims the scrap of the main 
and auxiliary production. They include the general plant stockrooms of fuel y fer- 
rous metals, nonferrous metals, textiles, stockrooms for blanks » parts, finished 
articles, tools, abrasives, and the salvage department. 

The second group handles the transportation of freight to the plant and shop 
stockrooms and ships the finished product and scrap from the plant. It includes the 
railroad and materials-handling shops. At some enterprises, the management of all 
forms of transport is concentrated in a single transport shop. 

The third group of services makes tests of materials, semifinished goods, and 
finished articles arriving at the shop and verifies the measuring instruments. This 
group includes the following laboratories: chemical, technological, mechanical 
testing and measuring instruments, etc. 

The fourth group includes the machine accounting station, which handles the 
mechanized processing of the mass primary documents of production and the plan and 
accounting documentation. 


The fifth group is composed of the services handling the protection of the 


socialist property of the enterprise. 


Section 9. Technical Rating Sheet and General Plan of the Enterprise 


The productive-technical rating sheet of an enterprise contains all the basic 
indices of the enterprise, namely: composition of the fixed assets.by forms, ex- 
pressed in physical and financial terms; productive structure of the enterprise and 
capacity of its shoes cooperation of the enterprise; composition of the cadres of 
the enterprise and their wage fund; composition of the production of the enterprise , 
by forms and volume, A general plan of the enterprise and a schedule of its equip- 
ment is annexed to the rating sheet. The data of the rating sheet are brought up 
to date every fiscal year. STAT 
All shops and services of the enterprise are covered by the general plan, which 


STAT 
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defines the dimensions and mutual position of the buildings and structures, the 


passages and breaks, the railroads and roads, the underground and overhead networks E 

i 
that link all of these into an integral whole for the effective functioning of the ^ 0) 
enterprise. : 


The mutual location of buildings and structures and of the Shops and attached 
service units, is determined by the production process and is regulated by legisla- 
tion, rules, and standards. 

The utilization of the plant area is maximized by the construction of buildings 


and structures between which minimum clearance meeting the fire protection and 


health regulations are left. The shops and services are laid out in the most com- 
pact way, and the small ones are located in a single building. 


The territorial combination of shops depends on the type of production. 


in Zt REC Rim ees toni 


In piece and small-lot production, the hot fabricating shops are located in a 


n 


Separate building, while the remaining main shops are placed in another, or main 


building, with a third building housing only the auxiliary shops. The stores and 0) 


service areas are placed near the shops. 


bo adr Ri Gy DL iade 


In large-lót and mass production, similar main shops and their auxiliary shops 


and services are located in the same buildings. The block division of shops into a 
groups, casting, forging, cold-pressing, machining-assembling and assembling, and i 
their location by zones, has found wide favor. With such a grouping of shops, the 1 
casting group includes the casting and pattern shops and the stores for the charge, i 
fuel, pattern: materials, and castings. The shop fabricating the lead and zinc dies 
is located next to the drop-hammer shop. The mechanical group includes the blank | 
stockroom, the sheet-metal working, machine and machine-assembly shops as well as i 
the heat-treating, tool ànd machine-maintenance shops. At an aircraft construction i 
enterprise, the assembly group includes the subassembly and final assembly shops. í 
The location of the main shops follows the sequence of the flow of the aircraft 


manufacture, which shortens the length of the production lines and of the transport 
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routes between the shops, facilitates the mechanization of the transportation of . 
materials and articles, reduces the length of the power lines and other communica- 
tions, improves the management of production and the housekeeping services for the 
workmen. 

The system of the production process and the movement of materials and work in 
process influences the location of the shops and services in the enterprise. 

In all such systems, it is necessary to provide for the flow of materials and 
work in process to be as short as possible, without cross motion and without reverse 
motion. The railroads and roads on the site of the enterprise and inside its shops 
are laid out to correspond to the direction of flow of the goods. The routes of 
personnel movement (human flow) on the plant site and inside its buildings should be 
short, should not be combined with the transport routes, and should, as far as pos- 
sible, not intersect the flow of goods at the most heavily loaded areas. 

A number of rules mst be observed in the territorial location of shops and 
services. 

The location of hot metal-processing shops in the same building as shops using 
highly inflammable materials is not recommended. Casting shops and fitting-welding 
shops are not located together with shops of cold-working for assembly, since this 
has an adverse effect on the health conditions; forging shops with heavy hammers are 
not placed together with machine shops since this has an adverse effect on the 
quality of operation of the mechanical equipment. 

Buildings and structures are located with consideration of the direction of 
the prevailing winds, in order to protect most of the shops from smoke, gases, and 
dust, as well as with consideration of the orientation with respect to sunlight, in 
order to avoid excessive heating by the sun, and to make maximum use of the natural 
conditions for lighting and ventilation of the shops. 

For instance, the TETs, the TsES, the hot treating shops, the shops with^ *:-e 


STAT 
hazard and smoke are so located that the gas and sparks cannot be carried by the 


» 


STAT 
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wind to other shops or populated points. Railroad sidings are provided for shops 

using large amounts of fuel, metal and other materials. There should be ample space 

for unloading yards and for location of the stockroom buildings. This group of, 0) 
shops is the initial group and is located close to the entrance of the railroad 

lines to the site of the enterprise. ‘fhe processing shops are located close to the 
fabricating shop in order to receive blanks from them by the shortest path. 

The assembly shops are located between the processing shops and the testing 
shop. ‘the shipping department and the finished product stockrooms are located close 
to the exit of the railroad siding and roads from the plant. ‘the auxiliary shops 
are located at the center of the main shops served by them. The general plant ad- 
ta » Social, cultural and housekeeping, educational and other services are 
located at the min entrance, forming a group in the square in front of the plant. 

In the location of buildings and structures, such factors as the relief of the 
land, the geological and hydrological conditions, the proximity of railroad and 
water routes, and of populated points, as well as the opportunities for further ex- 
pansion of the enterprise, are all taken into account. Two very widely used econom- 0 
ic indices have been established to determine the effectiveness of the location of 
the buildings and structures: the plot coverage factor and the coefficient of uti- 
lization of the plant area. 

The plot coverage factor indicates the ratio of the total area occupied by 
buildings and roofed structures to the total area of the enterprise » and usually 
amounts to 0.22 - 0.35. 

: The coefficient of utilization of the plant area represents the ratio of the 
area occupied by buildings, roofed and open structures, including railroads and 
highways, to the total area of the enterprise, and usually amounts to Osh} ~ 0.7» 

The productive structure of a socialist enterprise is established on scientific 
principles and is always being improved. 


In the Soviet Union, State enterprises are planned by State planning institutes 


for the industrial branches, which are charged with the multidisciplinary develop- 
ment of all questions related to the planning of industrial enterprises. 

In order to introduce a single progressive system of planning enterprises, the 
Soviet government has fixed by law the composition and volume of the planning as- 
signment, of the technical plan and working drawings of an industrial enterprise to 
be constructed and reconstructed y and has approved, for each branch of industry, 
compulsory standards for construction » fire protection, and industrial hygiene y as 
well as economic indices. ‘These standards combine the economic utilization of the 
productive areas and equipment of an enterprise with the provision of healthy and 
safe conditions for their workers to do highly productive work. The 20th Congress 
of the Communist Party USSR, with the object of a more effective utilization of the 
material resources and funds directed into capital construction, has obligated the 
Party and economic agencies not to allow the dissipation of capital investments on 
numerous construction projects and objects, and to improve planning and liquidate 
waste in designing, which leads to the squandering and dissipation of State funds. 

In working out construction projects for new enterprises and for the recon- 
struction of existing enterprises, the latest accomplishments of science and tech- 
nology must be taken into account, as well as the highest economic indices attained 
at progressive USSR and foreign enterprises. It is also necessary to shorten the 


planning time and to make wide use of standardized construction plans. 
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MANAGEMENT OF THE AIRCRAFT CONSTRUCTION ENTERPRISE 


Section 1. Purpose and Functions of Management 


The function of the management of a production agency is based on the social 
character of labor: "Every directly social or joint labor performed on relatively 
large dimensions, needs management to a greater or lesser degree, establishing har- 
mony between the individual works and performing the general functions arising from 
the movement of the entire productive organism in distinction to the movements of 
its independent organs" (Bib1.13). 

Ihe tasks of the management of a socialist production agency are the organiza- 
tion of the work of the staff of the enterprise to perform a State assignment in the 
interest of all socialist society. 

The social form of property in the implements and means of production, that 
exists i the socialist society, gives rise to the M advanced State form of man- 
agement of the process of social labor. 

The socialist form of management encourages the enlistment of workers of the 
enterprise in an active struggle for the expansion of production and utilization of 
its reserves, helps to nurture a communist attitude toward labor among the workers, 
strengthen the labor-planning-technological and financial discipline at the enter- 
prise, and ensure the integrity of State property. 


The management of an enterprise is called upon to guarantee, within the frame- 
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work of the enterprise, the realization of the political line of the Communist 


Party, as embodied in the national economic plans, by means of rational organization 


of production and high rates of expansion of production; by means of rapid growth of 


labor productivity based on the development of the creative initiative of workers, 


wide introduction into production of the advanced experience of innovators, and ac- 


complishments of domestic and foreign science and technology; by systematic reduc- 


tion in the cost of the administrative apparatus; by a more perfect organization of 


its work; by eliminating arbitrary conduct and bureaucracy; by reducing nonproduc- 


tive expenses. 


As a result of correct management of an enterprise, its capacity should grow in 


due proportion, the quality of production should rise and its quantity increase, the 


cost of production should be systematically reduced and the material values of the 


enterprise should be protected from spoilage, destruction, and theft. 


The system of work and the qualifications of the administrative apparatus, which 


guides all aspects of the industrial and economic activity of the enterprise, de- 


pend to a large extent on the level of technical and economic development of the 


enterprise, and on the profitability of production. For this reason, the Communist 


Party and the Soviet government are constantly paying exceptional attention to im- 


proving the functioning of the administrative production apparatus. 


The forms of management of socialist enterprises have passed through various 


stages of development and improvement, beginning with the workers! control over 


production (Decree dated ll November 1917 of the All-Russian Central Executive 


Committee) and ending with the modern productive-territorial system of management. 


They must be continuously improved in the future as well. 


The Party has developed the system of management of socialist production based 


on the experience of the build-up of socialism. It has boldly disclosed the faults 


that have appeared in management and has pointed out methods of managing socSTATt 


enterprises that meet the new tasks of economic construction. ‘fhe 17th Congress of 


STAT 
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the All-Union Communist Party condemned the excesses that were permitted in enter- 
prises in the form of so-called functionalism in labor organization and in produc- 
tion management. 


Functionalism in labor was expressed in an artificial division of the integral 


labor of workmen of the leading trades into separate functions, performed by several 


poorly qualified workmen-functioneers. ‘this led to the loss of qualified cadres to 
industry and to lack of personal responsibility in work.  Functionalism did not en- 
courage the improvement in the qualifications of the cadres and, consequently, in- 
terfered with the use of the new technology. 

Functionalism in management was expressed by the management, by the productive 
units, and the heads of numerous functional departments: technological, planning, 
dispatcher, and others, in which most employees were concentrated. The head of a 
shop was dependent on the decision of these functional units, which had no direct 
responsibility for the fulfillment of the program by the shops. Functionalism in 
management gave rise to large payrolls, to lack of personal responsibility in man- 
agement and of any responsibility in work, diminished the role of the director, of 
the shop aportada » and of the foreman in management, and replaced concrete 


leadership by correspondence. 


The 17th Congress of the Communist. Party adopted a resolution for the liquida- 


tion of the functional system of constructing the administrative apparatus of all 
Soviet economic agencies and their reconstruction according to productive and 
productive-territorial criteria. The administration of production was no longer 
concentrated in functional organs but in the hands of the managers of the basic 
productive units - the director, the shop superintendent, the foreman — who managed 
their own areas on the basis of individual responsibility and were completely re- 
sponsible for the condition of the work. ‘the functional offices of the shop were 
completely subordinated to the shop superintendent, and the functional divisions 


of the enterprise to the director, and they were deprived of the right to issue 
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| orders directly to the managers of the productive units. 


The 17*h A11-Union conference of the Communist Party paid special attention to 


further improvement of the management of production. It imposed the following ob- 


ligations on Party and economic organizations: 


To strengthen one-man management and labor discipline, to liquidate complet- 


ely absenteeism and spoilage in work; 


To liquidate planlessness and irregular work, to organize the uniform output 


of production according to a predetermined schedule; 


To strengthen the technical management of production and to enhance the role 


of the foreman as the direct organizer of production; 
To introduce the strictest technological discipline in production and ensure 


the output of a balanced and high-grade product; 


To provide for the accurate accounting and correct utilization of all assets 


of the enterprise, for the economical expenditures of these assets, and the 


e systematic reduction of production costs. 


During World War II, the system of management of socialist enterprise success- 


fully met all tests. 


In the postwar period, the Socialist State advanced toward the realization of 


a magnificent program of further development of socialist production. Under the 


new conditions, new problems also arose in the field of management of socialist 


production. 


The rapid growth of technology and the rise in the qualification of the cadres 


of socialist industry created immense opportunities for accelerating the expansion 


of the socialist economy. To utilize these possibilities more fully, more highly 


qualified and operative work of the administrative apparatus is necessary. The 


staff should be small, highly qualified, businesslike and flexible, and should work 


smoothly, well, and operatively. The administrative apparatus should estate T AT an 


( ] organization of production under which the operator will have no loss of working 


STAT 
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time or spoilage in his work, which will allow a higher level of labor productivity 
and profitability of production to be attained. 

The Plenum of the Central Committee Communist Party USSR, in September 1953, 
uncovered a number of serious shortcomings in the work of the administrative appa- 
atus. It stated that the major shortcoming in the administration of production was 
the official-bureaucratic style of management, in which the administrative apparatus 
spends most of its time, not in improving production and in organizational work 
among the workmen, but in composing and filling out numerous technical, planning, 
statistical, and other papers, in holding meetings and conferences, thus losing its 
initiative and failing to notice shortcomings. 

The plantwide departments and services are often not directly responsible for 
providing the main shops with materials, for failure to fulfill the daily shift as- 
signments, thus reducing their role to the issuance of assignments, dispositions, 
and questionaires to the shops and to receiving summaries and reports from them. 

The swollen administrative apparatus, the large number of management workers, 
at a small number of productive workers, is due to the functional fractionation of 
the apparatus, to the copying by small enterprises of the structure of large enter- 
prises, and to the desire of plantwide departments to have their own branch in every 
shop. . 

The elimination of the official-bureaucratic style in the work of the adminis- 
trative apparatus is the most important task of the production leaders and of the 
Party organizations at the enterprises. 

Let us consider some opportunities for further simplification of the structure 
of management and for reducing the administrative apparatus. 

leo Simplification and minimizing of plans, reports, accounts, primary docu- 
mentation, and all types of correspondence. There are great opportunities for such 
contraction, as confirmed by the experience of advanced enterprises. For example, 


at a single aircraft construction plant, the individual orders to workmen and shift 
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assignments were replaced by cumulative orders. ‘his measure alone yielded the fol- 


lowing results in this plant: 


Number of Documents per Month, in Thousands 


Work Assignments 
[reer [or [Ron 


Main production shops 350.3 46.2 673.1, 140.2 
Auxiliary Production 
shops 86.7 35.5 122.1 70.9 


Total for plant 


These data show that the number of work orders for the entire plant was cut by 


a factor of 5.5 and by a factor of 8 for the main production shops. Simultaneously 
with a reduction in number, documentation was also simplified. 
0 2. Consolidation of small productive departments and shops into larger ones. 


In this direction there are great reserves &vallable at aircraft constructing 
enterprises. It will be sufficient to state that the number of workmen in the main 
shops of advanced plants is 2 - 3 times as great as in the less progressive enter- 
prises. Some shops with as many as 1000 workmen are going over to the shopless 
structure. In this case, the functions of the shop administrative apparatus are 
handled by the departments of the plant management. The senior foremen report di- 
rectly to the chief engineer or director of the plant. 

The experience of the transition of enterprises to the integration system also 
deserves to be more widely disseminated. In this system, a single aduipistpative | 


apparatus is set up, with some services and auxiliary workshops for a group of sim- 


ilar shops located in a single building. 
STAT 


( ] The economic significance of these measures is great. The elimination of the 


intermediate shop yields an annual economy of about 500,000 rubles in the wage fund 
STAT 
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for the engineering-technical workers and employees, and for the released portion of 
the auxiliary workmen. 

3. Elimination of the multiunit system and of the excessive functionality of 
the administrative agencies. The consolidation of related departments allows the 
elimination of unnecessary units in the apparatus, improves its operational nature 
and enhances responsibility. For this purpose, plantwide departments and the plant 
offices must be objectivized to the maximum, so as to concentrate related functions 
in à single department or office and, on this basis, to consolidate certain depart- 
ments, reducing their staff accordingly. For instance, at medium and small enter- 
prises, it is entirely rational to consolidate the department of the chief technol- 
ogist with the department of the chief metallurgist. 

It is expedient to abolish certain departments, and transfer their functions 
to the department of the corresponding shop. For instance, the functions of the 
materials-handling department could be given to the materials-handling shop, the 
functions of the aircraft operating and maintenance department to the aircraft 
maintenance shop. A number of services in the shops could be made common for a 
group of similar shops, and these services could be subordinated directly to a 
plantwide department. 

‘fhe reduction of the administrative apparatus does not mean an elimination of 
engineering-technical work, whose role is becomming more important with the growth 
of uchiAdzat fon and automation. What we are talking of is the elimination of ex- 
cessive payrolls in the administrative apparatus, the reduction of office work in 
every way, and the correct utilization of engineering and technical cadres directly 
on creative productive work. 

l. Raising of the standards of service to the productive units by the auxil- 
lary workmen, by the junior service personnel and employees, and the transfer of 
some of these workers to productive work. Every effort must be made to increase 


the number of workers at an enterprise, who directly produce the product, and to re- 9» 


164 


$9.9 


duce the number of service workers and employees. 

5. Unification of the system of production organization and standardization of 
technological, planning and accounting documentation at enterprises, with the adap- 
tation of this documentation to mechanized handling. 

The reorganization of the management of the industry and construction on the 
territorial basis, based on economic regions, makes the management of production 
more concrete and operative, eliminates departmental barriers, improves specializa- 
tion and cooperation in production, permits wide masses of workers to be drawn into 
the management of production, and still more widely to develop local initiative. The 
reorganization of the management of industry and construction demands a further 
strengthening of the economic independence of enterprises and the expansion of the 
rights of plant directors, shop superintendents, and department foremen, with a 
simultaneous increase of their responsibility for the results of economic and pro- 


ductive activity. 


Section 2. Selection of Personnel and Checking of Performance - the Major Elements 
in Or zational Work 


Organizational work plays a vital role in production management. The major 
element in organizational work is the selection of personnel and the checking of 
performance. The correct choice of cadres is based on a study of the political and 
technological characteristics of each worker, the knowledge of the post at which his 
capabilities can thus be developed, the understanding of how to evaluate the cadres 
and to nurture them with care, to bring them up in the bold advance of youth. 

By steadily raising the political level and business skills of the production 
chiefs, the Communist Party brings up its business men in the spirit of a rational 
conduct of production. 

The most important feature of the socialist style in the management of an en- 
terprise, shop, or section is the solution of all economic questions in KE n 


with the interests of the State and the directives of the Party. The production 
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chief should organize his staff for the solution of the problems posed by the State 
Plan, ensure unity and solidarity of the collective, manifest constant cóncern for 
the cultural and technical growth of the cadres, for their correct utilization in 
production, and for the improvement of the material welfare and living standard of 
the workers of the enterprise. 

Operative and concrete leadership of production is effected on the basis of a 
constant liason with the masses and, in consideration of their experience, on the 
basis of a thorough mastery of the essence of the affairs, on the basis of knowledge 
of concrete conditions and personalities, on the basis of a thrifty attitude toward 
social property. 

The production chiefs must have perfect knowledge of the task entrusted to 
them, must be thoroughly familiar with modern accomplishments of science and tech- 
nology, must thoroughly study the technology and economics of the enterprises, must 
know their daily needs and demands, and manage production concretely. All this ob- 
ligates Soviet businessmen to be exacting toward themselves and their subordinates, 
to listen attentively to the voice of the masses, to support actively their creative 
undertakings ,to master skillfully the technical knowledge, to expand their economic 
horikon: to improve the methods of managing production, to study constantly the ex- 
perience of socialist construction, to generalize it and to use it creatively in 
the management of the collective. 

The management of a socialist enterprise, based on mutual confidence and busi- 
nesslike comradely relations between its workers, is concerned with instilling the 
workers with the spirit of performance in great and small things and with demanding 
a compulsory verification of the performance of decisions adopted. To verify per- 
formance means to organize personnel for a specific task, to ensure actual fulfill- 
ment of the directives of the Party and government. A well-organized verification 
of performance prevents blunders and faulty work, allows specific measures to be 


rapidly taken to correct mistakes that may have been made and to further improve the 
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The verification of performance should be not episodic but systematic. ‘the 
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verification of performance must not concern secondary workers but the managers 


themselves. 
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The performance of an assignment must be verified not only from the re- 


ports, but primarily from the actual results of work, and at the actual place of 


work. 


‘the masses 


The verification of performance must be objective and exigent. 


should be enlisted in the verification of performance, particularly the workers who 


are directly concerned with the results of correct and timely solution of a given 


problem. The verification of performance should be immediately followed by the per- 


formance of everything omitted previously. 


Section 3. 


Principles of Production Management 


The management of an enterprise is based on socialist principles and methods of 


administration: the unity of political and economic leadership, one-man responsi- 


bility, active participation of the msses in management, conduct of production on 


the basis of the most recent accomplishments of science, technology, and advanced 


experience, planning, and a regime of economy. 
he unity of political and economic leadership, as the most important principle 


of socialist business, starts from the fact that all of the economic activity of the 


enterprise is determined by the task set by the Communist Party and the Soviet 


State. Politics can therefore not be separated from economics. Economic progress 
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in an enterprise depends not only on technology and economics, but also on the prog- 


ress of Party-organizational and Party-political work. 


One-man management is the method of managing a State socialist enterprise, 


based on the subordination of the masses to the single will of the leader of the 


labor process, and combined with the broad creative initiative of the masser the 


process of production. 
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One~man management consists in the appointment of a mnager of the enterprise 
by the State, and his endowment with full powers for the fulfillment of the State 
Plan, and the devolution of single and personal responsibility on him for the condi- 


tion of the entire productive, economic, and financial activity of the enterprise. 


The principle of one-man management envisages the immediate, precise, and creative 


performance of the dispositions of the higher administrator by the workers under his 
jurisdiction. 

The strict observance of one-man management in all units of production does not 
permit diffusion and indefiniteness of responsibility and does not permit irrespon- 
sibility in work. 

‘the principle of one-man management in a socialist enterprise encourages the 
attainment of high labor productivity, the mintenance of order in the enterprise, 
and strict and rigorous suppression of absentees, idlers, self-seekers, loafers, 
and work spoilers, as well as effective utilization of the national resources in 
production. 

One-man management is effective when based on the managers! profound knowledge 
of the technology, organization, economics, and finances of the enterprise and is 
effected in all units of production from the director down to the foreman and crew 
boss; other.prerequisites are that the higher leader does not substitute for the 
leader below him, does not issue orders over his head, takes his opinion into con- 
Sideratisn , and through him accomplishes his guidance of the lower unit; that the 
leader does not cover up the mistakes of his workers and does not display sities 
liberalism or hollow administration; that the leader boldly blazes the paths toward 
advanced and progressive doing. 

One-man management envisages a close relation between the manager and the 
Party and other social organizations, the leader knowing how to listen to the voice 
of the masses, to teach the masses, and himself being taught by them. 


Democratic centralism and active participation of the masses in production 
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management most fully reflect the characteristic features of management of a social- 
ist enterprise. 

"Democratic centralism in the leadership of the national economy results from 
the nature of large-scale socialist production, from the character of the socialist 
economy and a planned economy, from the nature of the Soviet system, which raises 
millions of laborers to conscious historical creativeness, to the management of 
State and economic construction" (Bibl.214). 

‘the realization of the principle of democratic centralism in the management of 
an enterprise means the combination of the unconditional fulfillment by all enter- 
prises, shops, and productive sections of the State Plan assignments, with every 
possible expansion of the rights, responsibilities, and creative initiative of the 
workers of the enterprise. The Party and government have adopted a number of mea- 
sures to eliminate excessive centralization in the management of industry and to 
strengthen the democratic principles of production management. This has been re- 
flected in the reorganization of industrial management according to a territorial 
criterion, in the elimination of trivial trusteeship of plants, in the expansion of 
the rights of enterprise directors, in allowing the plant collective the right to 
work out their technological-industrial-financial plan by themselves, in the exten- 
sion of the rights of the plant Party and trade-union organizations, in an enlarge- 
ment of the role of workments meetings and production conferences in production 
management. All this permits the laborers to decide the fate of their enterprise, 
to determine all aspects of its activity in the interest of their own State and of 
their own people. The active participation of the masses in production management 
is organically linked with the principle of one-man management and stems from the 
directive of V.I.Lenin, according to whom: "Discussion is common but responsibility 
is individual" (Bibl.15). 

The consideration of the experience of the masses and their active pargTApa- 


tion in the development of production allows the manager of a productive unit to 
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find a more correct answer to a question, to check the results and accuracy of per- 


formance. ‘the active assistance of the collective to the management expands the 


progress of the enterprise. The participation of the masses in production manage- 
ment helps the State to effect control, from the bottom up, of the course of manage- 
ment and on the state of affairs in the enterprise. 

‘he conduct of production on the basis of the latest accomplishments of 
science, technology, and advanced experience is one of the regularities of socialist 


production. 
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In the struggle for further technical progress, science plays an ever increas- 
ing role; by its discoveries it helps the Soviet people more fully to discover and 
better to utilize its production reserves. Some businessmen poorly utilize the ac- 
complishments of science, are little concerned with the technical level of a similar 


producer in other countries, and forget that technology cannot stand still, that 
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without its continuous improvement development of production is unthinkable. In his 
report to the July Plenum of the Central Committee Communist Party USSR (1955), 
N.A.Bulganin, President of the Council of Ministers USSR, noted that "entirely in- 


correct views with respect io the study of foreign experience have developed in a 


ee 


certain percentage of our workers. ‘these workers consider that the study of foreign 
experience is useless to them. Indeed, such persons, by resounding phrases, merely 
cover their own ignorance". 

l Making use of advanced experience of other USSR enterprises plays a great role 
in the development of production. Such accomplishments should be rapidly studied 
and introduced by every enterprise. It is clear that the transition to a new tech- 
nology and to progressive technological processes involves trouble in the reorgani- 


zation of production. But this trouble is compensated by a sharp increase in labor 


productivity, and by such a rise in production as would be impossible with the old 


technique and the. obsolete technology. 


The principle of planning and the observance of the economy regime in the man- 
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agement of an enterprise is reflected in the organization of the work of all units 
according to a plan for fulfillment of the State assignment. 

To lead means to anticipate. To anticipate, in management, means first of all 
the correct planning of production. ‘to plan correctly means to plan so as to ensure 
a continuous growth of production and a steady rise in labor productivity, based on 
the latest accomplishments of science, technology, and advanced experience, and the 
utilization of internal reserves. 

To plan correctly means, in drawing a plan and in planned management, not 
merely to stay at the level of the results already attained, but to rise to more 
progressive standards and economic indices; it means, in working out and fulfilling 
a plan, to start from the interests of the State as a whole rather than from narrow 
departmental or local interests, and to ensure fulfillment of the plan in all of its 
indices. 

Planned management must ensure organization of the rhythmic operation of the 
enterprise and output according to the established graph, must not allow dispropor- 
tions between individual units of the enterprise, must guarantee technical and 
economic unity and operative productive planning. 

Correct planning and management must envisage a material incentive of the 
workers in improving the work of the enterprise. 

Correct planning must envisage a careful, zealous utilization of social labor, 
the strictest regime of economy in the expenditure of materials and financial re- 
Sources, and in the introduction of unsubsidized operation in all units of the en- 
terprise. 


Section 4. The Role and Rights of Party and Trade-Union Organizations in the 
Management of the Enterprise 


a The tasks confronting industry cannot be successfully performed without a fur- 
1 ther rise in the political and work activity of the working class and the eSTATer- 
i 


. ing-technical intelligentsia. The political organizational work of Party organiza- 
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tional work of Party organizations with the masses has always been, and still re- 
mains, the foundation of all our victories in economic build-up. 

The plant Party organization is the organizing and guiding force in the enter- 
prise. 

dip sonstitutton ot the Comnet Party USSR, adopted by the 19*! Party Con- 
gress, has allocated the following duties to the piant Party organization in the 
field of management and development of socialist production: 

1) Propaganda and organizational work with the másses, in order to realize the 
Party summons and resolutions; 

2) Mobilization of the masses for fulfillment of the production plan, strength- 
ening of labor discipline, and development of socialist competition; 

3) Fight against laxity and thriftless conduct. of affairs in enterprises, and 
daily care for the improvement of the cultural and living standards of the workmen 
and employees; 

l) Development of criticism and self-criticism and inculcation of the communist 
spirit of an irreconcilable attitude toward shortcomings. 

The most important task of the Party organization is the striving for technical 


progress in production, for strictest economy, and for perfection of the administra- 


` tive apparatus. . 


The success of the Party organization depends on its skill in combining eco- 


` nomic work with Party-political work. 


. -. The constitution!of the Communist Party USSR gives the Party organization at a 
plant the right to inspect the activity of the administration of the enterprise. The 
principle of bolshevist leadership of economic guidance to economic agencies con- 
sists in systematically assisting the agencies, strengthening them, and guiding the 
economy ‘not outside these agencies, but through them. 


The trade-union organizations play an important role in the development of 


anataliat nendnetinn. The trada 


ions, beińg a mass organization of the workers, . 
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do great work in the communist training of workmen, engineers, and employees and in 
developing socialist competition among them, directing their efforts toward the ful- 
fillment of the economic and political tasks which confront our State. 

The participation of the trade unions in the management of socialist production 
is clearly manifested in the collective agreement concluded by the trade unions with 
the administration of the enterprise. 

The December plenum of the Central Committee Communist Party USSR (1956) has 
emphasized the necessity for enlarging the role of the trade unions in working out 
and fulfilling the technical-industrial-financial plan of the enterprises, in solv- 
ing the problems of standardization and organization of labor, wages, in improving 
safety measures at the enterprises, and especially in the solution of questions con- 
nected with housing construction and improving the material and living conditions 
of the workmen and employees. 

As pointed out by V.I.Lenin, the trade unions should be a "school of manage- 
ment, an economic school, a school of communism" (Bibl.16). 

Important means of increasing the creative activity of workmen, engineering- 
technical es: and of employees are the production conferences , meetings of 
economic activists, and mass meetings at which workmen and employees discuss tite 
problems of the enterprise and their obligations, examine the work of the adminis- 
tration, and note mistakes or shortcomings in the work. | 


Section 5. Structure of the Plant Administrative Apparatus and its Functions 


For the management of the productive-economic activity of an enterprise a spe- 
cial apparatus is established, which is organizationally so constructed that it 
covers all functions of production management. , According to the e of primary 
workmen occupied in production, enterprises are divided into three categories. En- 
terprises having a large complement of workmen also have a more branched structure 


STAT 
of administration. 
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Figure 52 shows the vertical integration of the administrative apparatus of a 
large aircraft construction enterprise. 

In this system of management, the engineering-technical personnel compos- 
es 21.8% of the total number of all workmen, and the administrative personnel 10.7%. 
Of the administrative personnel, 48% are engaged in plant management, 44% in shop 
management, and 8% in nonindustrial activities of the enterprise. The field of 
simplifying the administrative apparatus, eliminating its excessive elements, and 
further curtailing the payrolls at aircraft construction plants, contains large un- 
utilized reserves. 

The enterprises are headed by a director who is the leader of the entire pro- 
ductive, economic, and financial activity of the enterprise and bears sole responsi- 
bility for fulfillment of the Plan, for condition of the equipment, economy and 
finances of the enterprise. He is the representative of the Soviet State, and is 
endowed by it with plenary powers to utilize the resources of the enterprise in ac- 
cordance with the State Plan. ‘the director of a development enterprise is appointed 
and removed by the Minister of Aviation Industry, and the director of a series plant 
by the Council of National Economy of the economic district. 

To enhance the responsibility of enterprise directors for fulfillment of the 
State Plans and for improvement of the equipment, organization, and economy of the 
plant, the Council of Ministers USSR, by decrees dated 15 August 1955, has substan- 
tially expanded the rights of enterprise directors. 

The director has the following rights in the field of planning: approving the 
technological-industrial-financial plan and modifying it within the limits of the 
quarterly plan of production, except for the output of mass production; accepting 
orders from organizations and enterprises (without prejudice to the fulfillment of 
the State assignment with — to commercial production); of modifying the tech- 


nological processes of series and development production, if such modifications do 


not result in deterioration of the product quality and do not increase its produc- 
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tion cost; establishing prices for products and charges for services for which there 
are no official prices or service charges. 

In the field of roster, wages and financing, the director has the right to ap- 
prove and modify the structure and rosters of shops and departments of the plant 
management within the limits of the plan established for the enterprise of labor and 
number of engineering-technical workers and employees, to establish and modify (in 
accordance with labor legislation), the remuneration of workers of the plant admin- 
istration and shops within the limits of the compensation approved for their respec- 
tive positions, provided he does not overdraw the average wage funds with respect 
to payroll distribution by categories. 

In the field of marketing material values, the director has the right to sell 
to other enterprises, from the resources of his own enterprise, materials and minor 
equipment in sets for contract production of products needed by the enterprise, and 
to liquidate surplus materials, equipment and other material values which the mar- 
keting agencies have refused to redistribute or market. 

The rights of directors have also been significantly expanded in the field of 
capital construction of enterprises, and of acquisition of special equipment. 

The shop superintendents and superintendents of certain departments are direct- 
ly subordinate to the director. ‘the director manages the other units of the plant | 
through his deputies. Let us consider the function of the departments under the 
direct jurisdiction of the director. 

The planned-production department (PPO) handles questions of economic and cal- 
ender planning of the entire activity of the enterprise. In this department the 
tech-ind-fin plan of the enterprise is worked out, and productive assignments are 
prepared for the shops - plans for the following month, and accounting and control 
of the fulfillment of the monthly and annual plans are carried out. 

The department of labor wage organization handles the organization, standard- 


ization, pay-scale formulation, and payment of wages and administration of STATage 
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fund. One-of the tasks of this department is to study and disseminate advanced ment office, the department of in-service training, of watchman protection, and the 


methods of labor. timekeeping department. In small and medium plants, he also manages housing and 


This department does not exist at medium and small plants, but its functions í © | 9 ' other community services. 


are distributed between departments of the chief technologist and the plant- The chief engineer is the first deputy of the director and enforces the techni- 


production department. cal policy at the enterprise; he handles all productive and technological questions, 


The office of the chief plant accountant handles the accounting for the fixed the most important of which are assurance of technical progress of the enterprise, 


and working assets of the enterprise in terms of physical quantities and money val- i timely preparation for the production of new and modified machines, economic utili- 


ues. The chief accountant exercises State control over the expenditure of the m- zation of capacity, steady growth in the qualifications of the personnel and the 


terial and financial resources of the enterprise in accordance with their designa- productivity of their labor. To the chief engineer are subordinated all management 


tion by the tech-ind-fin plan. The accountant's office daily reflects in the book- | staff members handling the technical preparation of production and the manufacture 


keeping documents all operations involving a change in the fixed and working assets | of the min product, more specifically: chief technologist, chief metallurgist, 


of the enterprise and indicates the results of its productive and economic activity chief machinist, superintendent of power, and superintendent of production. 


for the month, quarter, and year. 


| 
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| 
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The chief technologist manages the work on the basis of directors? and work- 


The inspection department (OTK) controls the quality and completeness of the mens? graphs of the tooling-up of the shops of the main production for the output of 


new aircraft prototypes, for the development of technological processes, for de- 


product put out by the enterprise. The chief of quality control is appointed and o m 


removed by the immediately superior economic agency on nomination of the plant di- | signing, fabricating and standardizing tooling; in addition, he manages the shops 


.rector. The chief inspector has the duty of notifying the director whenever pro- which make the tools, and controls the observance of technological discipline in 


ducts of unsatisfactory quality are offered for sale and, if the director approves production. 


his disposition on the shipment of such a run, to execute that disposition, at the The chief metallurgist performs the same functions as the chief technologist, 


same time accordingly advising the chief of the administration to which the enter- but in the field of casting, forging, and heat treatment. In small enterprises, 


prise is subordinate, the metallurgical department is subordinate to the chief technologist. 


The assistant director for personnel hiring handles the organized. selection of The chief machinist directs the maintenance work of the plant and handles the . 


personnel, their training and assigning to the various shops in accordance with the acquisition, installation, inventory, preparation of rating sheets and operative- 


plan and the requisitions of the shops and departments, the recording of the move- d technical records for the equipment, supervision of condition of the equipment and 


ment of the existing personnel, and the formalization of the discharge of workers  . | of its correct operation in all shops, of major repairs of equipment and its mod- 


from the enterprise. The right of hiring and discharging workmen is vested in the ernization, of introduction and improvement of the system of handling and mainte- 


shop superintendent, and of engineering-technical workers, in the director of the nance of the equipment. The department of the chief machinist and the maintenance 


enterprise. The assistant personnel director exercises supervision over the employ- o STAT 


machine shop are subordinate to the chief machinist. 


178 179 = STAT 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


‘the superintendent of power directs the power system of the plant and handles 
the acquisition, installation, inventory, preparation of rating sheets, accounting, 
operation, and maintenance of power equipment, controls the condition of the power 
installations in all shops of the plant. ‘the superintendent of power works out, for 
the shops and services of the plant, standards and limits of power consumption, in- 
centive systems for a high efficiency of the power installations, for the saving of 
fuel and power, directs the work on rationalization and invention in the field of 
improving and developing the power system of the plant. All power shops and power 
stations of the plant are under the superintendent of power. In small and medium 
enterprises, there is no superintendent of power, and the entire power system of the 
plant is under. the chief machinist. 

‘the production superintendent directs the work ‘of the main shops in the ful- 
fillment of the production program. ‘the superintendent of production has a dis- 
patcher department attached to his office. ‘this department is headed by the chief 
dispatcher, who regulates, controls and accounts for the fulfillment of the opera- 
tive monthly plans by the main shops. The dispositions of the superintendent of 
production on questions of starting and output of product are binding on the super- 
intendents of the main shops. The superintendent of production must relieve the 
chief engineer, to the greatest, extent possible, of his current work in directing 
the fulfillment of the program, so as to give the chief engineer an opportunity to 
occupy himself more with questions of the technical progress of production and the 
introduction of new technology and equipment. 

"+ The series-design department, the department of major construction, current 
maintenance and reconstruction, and the safety bureau, are also directly subordinate 
to the chief engineer. 

The series-design department (SKO) handles the designing and technological re- 


finement of the aircraft with respect to the conditions of series production. The 


primary functions of the SKO are as follows: 


revision of the experimental drawings 
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into series production drawings; providing the production with production drawings; 
drafting specifications of parts and units that go into the aircraft; conversion of 
the schematic diagrams of assembly into production illustrations; where necessary, 
providing the additional detail in the drawings; detailed fitting of the assemblies 
and units on the loft floor on the basis of the general fitting of the contours of 
the assemblies performed by the OKB; finishing and refining the series drawings on 
the basis of the results of manufacture of the head series of aircraft by the plant; 
consideration of the suggestions made by departments, shops and workers of the 
plant with respect to design improvement; reflecting technological improvements of 
design in the drawings; formalization of the drawing modifications received from 
the OKB; organizing the drafting system and supervising the drafting work of the 
enterprise. A11 changes in the drawing of the aircraft are made by the series- 
design department with the authorization of the chief designer. To perform the a- 
bove work within the SK0, teams, specialized in the various assemblies of the air- 
craft, are used. The systematic liason between the series plant and the develop- 
ment plant is effected through the series-design department. 

The department of major construction and reconstruction handles all questions 
of major construction, major and routine repairs and maintenance of the buildings 
and structures of the enterprise. 

The industrial safety bureau works out the measures for labor protection and 
safety measures and supervises compliance in the shops. The plant labor-unión or- 
ganization inspects the plan and the work of the plant safety department and assists 
it in its work through a system of trade-union agencies and safety delegates. 

The assistant director for material and financial questions has the following 
departments subordinate to him: 

The department of material and technical supply (OMIS) negotiates contracts 


with suppliers for delivery of materials, handles the storage of materials, manages 
j STAT 
their accounting and issue to the shops and services of the enterprise. The general 
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plant material stockrooms are subordinate to the supply department. 
The department of cooperation and allied production (OSPK) performs the same 
. functions as the department of material and technical supply, but is concerned not 
with materials, but with purchased semifinished products, castings, forgings, and 
finished articles. At small plants, the functions of the department of cooperation 
and allied production are performed by the department of material and technical sup- 
ply. 

The transport shop handles the delivery of goods to the enterprise and the 
shipment of finished products and waste materials. 

The financial and marketing department works out the financial plan of the en- 
terprise and of its realization, the sale of the finished product, the cash settle- 
ments with debtors and creditors of the enterprise, the receipt of funds, and the 
payment of wages to the workers of the enterprise. 

Only large plants have an assistant director for social affairs and living 
facilities. He handles the housing and community department and the social and wel- 


fare organizations. 


Section 6. Structure and Functions of the Shop Administrative Apparatus 


The shop administrative apparatus is organized in accordance with the functions 
performed by the shop and the number of workmen employed in it (Fig.53). 

The shop superintendent performs the administrative, technical, and economic 
management of the work of the shop on the basis of one-man authority. The principal 
elements in his work are: organization of the shop staff in fulfilling the produc- 
tion program, more complete utilization of the internal reserves of the shop, and 
improvement in its technology. ‘The shop management (vapibus functional bureaus) is 
subordinate to the shop superintendent, except for the bureau of shop control which 


is directly subordinate to the chief inspector of the plant. The dispositions of 


the ehan ennarintendent anro 


on all workers under his authority, and must be 
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Fig.53 - Diagram of Vertical Integration of Management of a large Shop 
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immediately and precisely executed. The shop superintendent personally bears res- 
ponsibility for the condition of all the shop work and for the integrity of its 
material values. 

The shop superintendent must realize the qualified management by his foreman, 
strengthen their one-man authority, and assist them in the introduction of progress- 
ive measures. 

Let us consider the functions of the most important bureaus of the shop man- 
agement. 

The bureau of technological processes (BTP) works out the technological proc- 
esses, introduces them into production, and exercises control over the observation 
of technological discipline in the shop. 

Ihe bureau of labor organization and wages (BOTZ) handles the questions of 
standardization, pay schedules, and payment of wages. 

The shop. economist handles questions of the unsubsidized operation system, con- 
trols the fulfillment by the plant of the established economic indices , issues the 
monthly plant assignments to the departments of the shop, and keeps their records. 

Ihe production-dispatcher bureau (PDB) draws calendar graphs of starts and 
output. of product by days and shifts of the month for the departments and sections 
of the shop, verifies the fulfillment of the daily shift assignments of the sec- 
tions in material and tools, calculates and controls the fulfillment of the program 
and the existence of work in process. The production-dispatcher bureau is concerned 
with the procurement of materials and semifinished products for the shop, with their 
issue to the sections, and with the delivery of the finished product to the consum- 
er shops. The material stockrooms (MASK), the set-making stockrooms (KOKS), the 
finished-parts stockrooms (SGD) and the materials-handling crew, are under the 
production—dispaticher bureau. 

The tooling technologist handles the organization of the shop tooling. The 


managers of the tool distributing stores and the tooling repair foreman are under 
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his jurisdiction. 
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Ihe shop machinist handles the maintenance of the shop equipment, directs the 


9 maintenance workmen of the shop and the workshop on the maintenance of equipment. At 


some plants the shop machinists are replaced by groups serving several shops. 
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The accounting office handles the accounts for the material values and the wage 


settlements with the workmen and employees. This office is organized to serve sev- 


eral shops and is directly subordinate to the chief accountant of the plant. 


The principal element in the work of all units of the shop management is to 


secure high quality of the product and fulfillment of the shift-day assignments by 


each productive section, the steady reduction of material and labor costs per unit 


of shop production. 


Section 7. Organizational Structure of the Department (or Workshop) 


The department is the basic productive unit of the shop and is headed by a 


senior foreman who is directly subordinate to the shop superintendent. The senior 


foreman has under him several shift foremen who head the production sections of the 


department. The shift foreman in turn has under him the preparing worker, who pre- 


pares the work stations for the shift with materials, blanks, and tools in accord- 


ance with the shift-day assignment. A stockroom (PROSK) is organized to store the 


work in process in the section. For the decentralized assignment of the work squads 


to the section, an expediter is employed. In large sections there is a special 


planner-dispatcher and a foreman-distributor, who handle the preparation of the 


shift-day assignments to the sections and the supply of the work stations with ma- 


terials, blanks, and tools. The existence of this apparatus available to the senior 


foreman allows him to concentrate his attention on the direct guidance of the shift 


foremen and workmen and releases him from functions that do not properly belong to 


his work scope (office work, assignment of squads, receipt of materials and geola): 


"The foreman", as comrade Ordzhonikidze puts it, "is the central figure in pro- 


STAT 


185 


wo TT mU MU m TERT. 


"osi d tinte 


t pm Mie Tender ERE TER ETIAM. GET HA ALM AA aia Re camini E emen TUM TET det meae demo mde 


-— 


duction", The success of the collective depends on how the foreman has given out 
the production rules, how he maintains labor discipline, how he ensures uninterrupt- 
ed work of the operators, how he heads the socialist competition for advanced meth- 
ods of work. Taking account of the leading role of the foreman in production, the 
Central Committee Communist Party and the Council of Ministers USSR have issued a 
number of decrees on enlarging the scope of the foreman in production and on his 
transformation into a fully empowered leader of the productive section. These de- 
crees have raised the status of the foreman in production and have invested him with 
extensive powers. The foreman has the right to participate in working out the tech- 
nology, establishing the standards and evaluations for the work of the section (or 
department) and to give his own conclusion on it, to establish the wage-scale cate- 
gory of the operator and to make him do a sample job to define the category of labor 
to which he is to be assigned. The foreman disposes of the wage fund and of the 
funds of the section. 

The foreman accepts and releases the workman in the section, with subsequent 
approval of the shop superintendent. 

The duties of the foreman in the section consist in organizing the fulfillment 
of the program on the whole and by the graph, in the proper arrangement, assignment, 
training, and instruction of the workmen, in introducing advanced methods of work 
and their adoption by all workmen of the section, in creating conditions for unin- 
terrupted work and the systematic growth of labor productivity, and in maintaining 
labor discipline. The foreman must secure the correct wages for the workmen, skill- 
ful handling of equipment, observance of technological discipline, and systematic 
improvement of production quality; he is obligated to check on observance of safety 
rules, and order and cleanliness in the section. 

The foreman should be the technical leader of the section and should partici- 
pate actively in working out organizational and technical measures. The aim for 


technical progress of the productive section should be one of his principal tasks. 
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The foreman should utilize the experience of advanced foremen and should im- 
prove the work in his section on the basis of the introduction of self-supporting 
section management, 

The decree of the Council of Ministers USSR dated 20 September 1955 extended 
the rights of the foremen and considerably increased their wages, which gave the 
foremen a still greater incentive to increase their qualifications and a greater in- 
terest in the attainment of higher labor productivity by the workmen of their sec- 
tion. 

The correct organization of the shift (its preparation, conduct, and transfer) 
is of great importance in the work of the foreman. 

The preparation for the shift consists in supplying each work station with eve- 
rything necessary for work. A careful preparation of the shift lightens the working 
day of the foreman and allows him to concentrate most of his attention on the pro- 
ductive instruction of the workman and on the fulfillment of the program. On the 
day before the shift, the foreman ascertains, through the preparation worker, the 
provision of the shift-day assignment with materials and blanks, and through the. 
machine setters, the availability of tools and attachments, transmits this informa- 
tion to the senior foreman, and concerns himself with the timely procurement of any 
lacking items. 

The foreman keeps the workman informed of the forthcoming work. 

Before beginning of the shift, the preparer delivers the blanks to the work 
stations. The foreman or inspector accepts the first processed parts from the ma- . 
chine setter and thereby verifies the accuracy of the machine setup. By the begin- 
ning of the shift, all the machines must be completely set up and ready for work 


and provided with all necessary complements. 


the conduct of the shift, under the leadership of the foreman consists in pro- 


viding each workman with the conditions for overfulfillment of the shift assignment, 
f ] STAT 
in conducting the productive indoctrination of the workmen, and in ensuring ine un- 
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interrupted servicing of the work stations. 

The foreman visits the work stations and verifies the performance of the shift 
assignment, instructs the workmen, and inspects the quality of their work. The 
; foreman makes certain that order is maintained at the work stations y as well as 
cleanliness in the section, ascertaining that the preparer has supplied the work 


m 


stations, taking account of the possibility of overfulfilling the standard by its 


Tae ne 


workmen. 


Ti m 


in trensfer of the shift, the foreman must not allow disorder of the machines 
toward the end of the shift, and must teach each operator to hand over his equip- 


ment in perfect condition. The foremen, on transfer and acceptance of the shift, 


LF cet ehm] omm em S EUR 


visit the work stations and verify how they are cleaned, whether the equipment has 
been lubricated and set up for the following shift, ascertain who among the workers 
has attained a high output during the past shift and by what method, and organizes 
the transfer of this advanced experience to the workers of the next shift. 


In some cases, a crew boss is appointed from among the workmen. This is done 


A m ee e t th M Mant lE OO MEL ww 


where highly qualified leadership of a group of less skilled workmen is needed. For 
instance » A group of young fitters is headed by an experienced fitter boss, who 
performs the complicated operations and helps to increase the qualifications of the 
young fitters, by letting them benefit from his knowledge and experience. 

A boss is appointed if the labor process cannot be performed by a single work- 
man and has to be done by a group (crew) of workmen. For instance, in welding, in 
assembling a large assembly or machine, the boss performs the work requiring the 


greatest skill and is responsible to the foreman for the time and quality of the 


work of the crew as a whole. The crew boss selects the members of the crew and 


distributes the work between the workmen, making sure that labor discipline is ob- 


served by the crew members, verifying the amount and quality of the work performed 
by each workman in the crew, and (the min point), instructing the crew members. 
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Section 8. Organization, Planning, and Control of the Functions of the 


Management Apparatus 


The activities of plant management, auxiliary services, and plant bureaus 
should be as close as possible to the main production and should be directed toward 
improvement of the technology and organization of production as well as toward con- 
stantly rendering active assistance to the shops in the fulfillment of their shift- 
day assignments. l 

The plantwide departments and services must give the shop superintendent and 
the foreman, to each in his own domain, complete economic independence within the 
limits of the established assets and the other limits, and must free them from triv- 
ial supervision. 

Such a system brings the plantwide services close to the main production, and 
relieves the shops of functions that do not properly belong to their scope. 

The work of the management must be based on active, daily, and operative lead- 
ership of the main production. The management workers are obligated not merely to 
issue assignments to the shops and sections, but also to create all prerequisites 
for their fulfillment. For instance, the labor organization department should not 
only issue an assignment for the reduction of labor costs, but is at the same time 
obligated, through the departments of personnel training and the chief technologist, 
to help the shops in raising the qualifications of their personnel, in mechanizing 
the processes of production and in disseminating advanced experience. The dis- 
patcher departments should not only check the delivery of the product by the shops, 
but should also verify the timeliness of start-up of the processing of the batches 
of parts in each shop. The technologists and designers of the department of the 
chief technologists and of the shops should improve the technological processes and 
attain maximum mechanization of the work. 


In order to increase the responsibility of the management for the qua itv of 


the operative servicing of the shops of the main production, monthly economic in- 
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dices for the work of the departments and services are established. The economic 
indices established for each department and service must be so as to stimulate the 
work of the management, departments, and services toward improving production as 
well as toward discovery and utilization of the reserves. 

‘For instance, the dispatcher department should be responsible not only for the 
rhythmic performance of the program by the enterprise, but also for the monthly 
shortening of the productive cycle and the freeing of the working capital invested 
in the work in process of the main shops. Such an index is entirely realistic. An- 
other example: Indices such as the monthly reduction in the standard consumption 
of material arid labor per article might be established for the departments of the 
chief technologist and the chief metallurgist. 

The planning of the work of the departments, services, and shop management be- 
gins with the establishment of the economic indices for each department. 

The production planning department lays out the corresponding economic indices 
for the quarter or for the month for each department and service, coordinating these 
indices with the indices of the quarterly and monthly plans of the main and auxil- 
iary shops. 

The production planning department and the director of the enterprise exercise 
systematic control over the fulfillment of the monthly plans. In the control, main 
attention is given to the degree to which the measure in question has improved the 


work of the main shops. 
i 
Section 9. Mechanization of Administrative Functions 


An important means of improving the labor productivity of the administrative 
workers is the mechanization of their work. The modern means for mechanization of 
administrative work vary widely. Their classification by purpose and by types of 
operation performed is given in Table 11, compiled by Engineer P.G.Popov. 


The i ions used for the mechanization of office work in- 
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Table 11 


Use of the Means of Mechanizing Administrative Functions &nd dm Devices 


the Departments of nt 


E IPEE 

o 2 ojo 4 

HEELERS 

Units of p la PERE 
Administration & |x x 9 E 
PEE £ 6, 

dila 


Electro 


Draft 


; 
42 
1 
ls 


| [Mathematical Machines 
Punch-Card Machines 
Machines and Devices 
Printing Documents 
igh-speed Radiotelegraph 


Director's office 
Production Planning 


Department 

Series-Designing zr 
PME Te TEE 
IN EEE 
Department AS Xx] X X 


Tool Department 


Departments of Chief 
Machinist and Super- 
intendent of Power 


Production-Dispatcher 
dl re s x ESA 


Personnel Training 
Department 


Main Construction 
Department 


Inspection Department 
Central Accounting 


es abet tat GS 
Labor and Wages 
ee Jx] | Kx x E 


Personnel Department IE AE ARES AE AEREA 


Deore tdo of Material 

and Technical Supply 

and Department of xix x x 

Allied Production and 

Subcontracting 

Financial and Market- 

TEN (XS | XXI) MX| | 

Ate Bogart eee 


Economic Department 


Plant Security 
Productive Shops 


Machine Accounting 
Station (Shop) 


e 
i 
| 
| 
| 
e | e 
l 
| 
| 
| 
| 
i 
l 
b 
| 
| 
EM @ 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


STAT 


Li 
CARE errr cen x 
thes ihe AMEN 


i s =x [rs wo $2 p| ^y 
A 2 lala sé S |,E =| E B 
i! Klis a: 10 ov © a |e 
E 282 (2/8 > IEREHFIEFEEBEIEPIE 
3 4 EOS BU 2 JEEG 
E E Sails B BE & [maa 
$3383 54i seas Ee EP LINER 
i elimar S|ajog! | i f. wa et |S | be | 
à ees [Fle 3 5 EEEPIEEEEEMDIECIE 
i 6 [2214134 FBFEIESEE 16/3593 
1 3 (522153 % EEE [E 
si < iselagige m |! o O |g Q 
i 3 

| PAE 

F 

él 

i 


pre it] 


iran 


RA DEO OE ETS PUP TPR REAR ON RITES CRGA AEH ENT ALS 
Seiden ethene fey ag, - 


HP A Yam 
ESSE RAY TARTS EE 


REA enti a 


BR RET 
i 
I 
E 
ESE 
E 
= 
ET 
EE 
EE 
NN 
EXE 
EE 
rl 
X |X 


E veer TT reves os e 
Z^ TGR Eee, M PI iR ESOS LM Werner 


RCT RA 
PP pe ete x 


x 


omograms, and Graphs 


umt iaar e Lui Ai da 


a bp ai o e m 


rà 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


clude electric typewriters, which make it possible to get a large number of copies; 
dictating machines for the mechanical recording of oral orders and business conversa- 
tions; billing machines and addressographs for the mechanical filling out of blanks 
and schedules, addressing envelopes, etc; teletypes for simultaneous wire transmis- 
sion of typewritten text to several points; facsimile transmission; mechanical, 
pneumatic, and electrical means of dispatching documents to the departments and 

shops of the plant. 

The m&chines and devices used in the operative production management include 
directors! and dispatchers! telephones and switchboards, selective telephone com- 
munication and automatic telephone stations; paging equipment; combined devices for 
communication and signalling, automatic product computers, equipment-loading com- 
puters, 

For bookkeeping and statistical accounting and Plan computations, electrical 
comptometers and computers are used, which process the primary documentation ac- 
cording to indices relevent to production and which handle calculation cf the pay- 
rolls. 

For mechanization of the work of draftsmen and copying, reproducing and dupli- 
cating devices as well as photostats, and other machines are used, 

Mathematical, punch-card and computing machines are used for weight, strength, 
aerodynamic and other calculations; hydraulic and electric integrators , high-speed 


electronic analog computers, etc., are also used for this purpose. 
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PART TWO 
. ORGANIZATION, STANDARDIZATION, AND PAYMENT OF LABOR AT AN AIRCRAFT 
CONSTRUCTION ENTERPRISE 


Labor is the purposeful activity of a human being to create useful values and 
is the primary factor in production. Labor is characterized by its productivity. 
Labor productivity is measured by the quantity of product turned out by a worker in 
unit time, or by the quantity of working time consumed per unit of production. 

The basic elements determining labor productivity are as follows: length of the 
working day, or the extensive value of labor; quantity of labor expended during a 
given time (hour, shift), or the intensive value of labor; productive power of la- 
bor, or the capacity of one and the same quantity of labor during a given period of 
time to yield a greater or smaller quantity of product, depending on the degree of 
development of the production conditions (Bibl.17). 

Karl Marx said: "The more strongly the productive force of labor increases, 
the more can the working day be cut, and the shorter the working day, the more 
strongly can the intensity of labor increase. From the social point of view, the 
productivity of labor also increases with its saving. Labor saving includes not 
only the saving in the production means, but also the elimination of all forms of 
useless labor" (Bibl.18). 

The expenditure of socially necessary time on the production of a unit product 
is the index of the productivity of social labor. 

The index of the productivity of individual labor of workmen at an enterprise 
is the average output of product per workman per unit time. 

By reducing the labor consumption per unit of product, the Socialist Society 
is able to produce a larger quantity of product for each worker and, consequently, 


more fully to satisfy their increasing demands. 


191, 
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A considerable rise in the productivity of labor at socialist enterprises is 
the decisive factor for fulfillment of the assignments on the growth of production 
and the further enhancement of the well-being of the people. The attainment of high 
labor productivity and the expansion of the productive capacities are the main paths 
for the solution by the Soviet Union of the fundamental economic problem, to over- 
take and surpass the most highly developed capitalist countries in per capita pro- 
duction. 

The advantages of the socialist system, the successful realization of the 
Leninist plan of industrialization of the country, have permitted the Soviet Union 
to increase labor productivity in industry in 1956 to a level 8 times as high as in 
1913. Such high rates of growth of labor productivity are unknown to even a single 
capitalist country. At present, the Soviet Union has already overtaken the leading 
capitalist countries of Europe in labor productivity, but still lags substantially 
behind the United States. 

The task today is to overcome this lag as rapidly as possible. An important 
stage in the solution of this problem is the implementation of the directives of 
the 20th Congress of the Communist Party USSR on the growth of labor productivity 
in the sixth Five-Year Plan, by not less than 50%. This must be accomplished pri- 
marily by the growth of the technological equipment of labor and by the introduc- 
tion of advanced equipment and technology, by expanding in every possible way the 
combined mechanization and automation of the production processes, by the moderniza- 
tion of equipment, by the wide development of specialization of enterprises, and by 
the introduction of line methods of production on this basis, by the radical im- 
provement of labor organization and the liquidation of losses and labor time, by 
enhancing the qualifications of the personnel and giving them a material incentive 
for the growth of labor productivity. 

The increase in the technical equipment of labor and the growth in the quali- 


STAT 
fications of the personnel, both of which are being realized at socialist enter- 
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prises » Will allow us to attain a rise in labor productivity and a simultaneous 
transition to the seven-hour working day, without lowering the pay. 

The ixmense significance of the growth of labor productivity for the develop- 
ment of socialist production is clear from the fact that in the sixth Five-Year Plan, 
80% of the increment of industrial production will be obtained on account of the 
growth of labor productivity. The RN of labor productivity by only one 
percent throughout the entire national economy of the USSR would be equivalent to a 
reduction of the needs for labor force by more than 165,000 men. An increase in 
labor productivity by 1$ at an aircraft construction plant would mean an increase 
in output by several million rubles. 

For the successful fulfillment and overfulfillment of the assignments on the 
growth of labor productivity, together with the introduction of advanced equipment 
and technology, the rational organization of labor, and its rational standardiza- 
tion and payment is of great importance. 


CHAPTER VI 
LABOR ORGANIZATION AT THE AIRCRAFT CONSTRUCTION ENTERPRISE 


Speaking of the fundamental problem of creating a social order higher than 
capitalism, Lenin pointed out that it consists in the enhancement of labor produc- 
tivity, and in this connection (and for this purpose), its higher organization (see 
Bibl.19). 

By a rational labor organization within the enterprise, we mean the planned 
and productive utilization of the working time of every worker, The rational or- 
ganization of labor envisages mechanization of the labor process, organized selec- 
tion and induction of personnel into production, enhancement of their cultural and 
technical level, correct division and cooperation of labor, high labor discipline, 
good organization of the work station and of service to it, standardization of the 
expenditures of working time, and payment of labor in accordance: with its quantity 
and quality, development of socialist competition, and extensive utilization of the 
advanced experience of labor. . The saving of labor time, with a high production 
quality, is a criterion for the perfection of technology and of the organization of 
production. Marx wrote that nesso the saving of time, just like the planned dis- 
tribution of working time among the various branches of production, remains the 


first economic law on the basis of collective production" (Bibl.20); 


Section 1. Mechanization of Labor Processes 


The introduction of machine technology into production is the foundatic.‘’>- 
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mechanization. The machine is the most powerful means of increasing labor produc- 

tivity and of decreasing the share of working time in the product of labor. For 

this reason, mechanization of the labor processes at a socialist enterprise is the ® 
basic and decisive force that ensures high rates of expansion of production and a 
powerful rise in labor productivity, and improves the labor conditions. 

An index of the level of mechanization of production is the ratio of the amount 
of work performed by the aid of machines to the total labor cost of the article. 

The mechanization of labor processes passes through a number of stages in its 
development. In partial mechanization, only individual elements of the fundamental 
operation are mechanized, and a substantial share of manual labor is still retained. 
Combined mechanization means the replacement of manual labor in the primary opera- 
tion and in the auxiliary and subsidiary work, so that only the functions of con- 
trolling the mechanisms of the equipment remain for the workman. In partial mech- 
anization, some of the functions of the workman and the control of the mechanisms 
of the equipment are performed automatically, and, finally, in complete mechaniza- Ci 
tion, the processing of the object of labor and the control of the equipment are a 
performed entirely by automatic means, with the workman only checking the mech- 
anisms of the machine for proper functioning and, if necessary, changing its ad- 
justment or replacing the processing tool. 

At aircraft enterprises, certain progress has been made in the field of mech- 
anization and automation of production. Wise use is made of machine molding in 
casting shops, of various presses in stamping shops, of automatic and semiautomatic 
machine tools in the machine shops, of semivutomatic welding machines in the fitting 
and welding shops, of machine tools for gang drilling, of group riveting presses 
and grinding machines in the assembly shops. 

The share of hand work in the fabricating, processing, and assembly shops, 


however, is still great (Table 12). 


The high proportion of hand work which, at some plants, reaches 70% makes 0» 
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mechanization of the labor processes the central task of every aircraft construction 
enterprise. 
An important task posed by the 20°" Congress of the Communist Party USSR, is 


the increase in output and the enhancement of labor productivity by a more complete 


Table 12 


Level of Mechanization of Individual Forms of Work 


in Aircraft Construction 


1,3 


1. Casting 0,8 0,5 0,6 25 30—35 
2. Forging . 
3. Blanking and 13,2-16| 17 18,3 25 45—90 
Stamping 
4. Machining 20 75—85 
5. SERERE 0,8—1,3| 25—30 45—60 
elding 
6. Drilling- Susie 
Riveting 23 
7. Major Assembly w 
82 Final Assembly 2 
9. Airfield — 
10. Other 25—35 


| 25—30 | 40—60 


* Taking account of hand pneumatic tools, considerably higher. . 


a) Form of work; b) Share of labor time of given form of work in % of total 
labor time for aircraft; c) Light aircraft; d) Medium aircraft; e) Heavy air- 


craft; f) Mechanized work, %; g) Existing; h) Possible in the near future 


utilization of the existing equipment. The planned coefficient of equipment load- 
ing is satisfactory at aircraft construction enterprises, but the coefficient of 
actual equipment utilization with respect to useful working time is still lorAThis 


is explained by the high share of auxiliary and machine-manual time in the piece- 
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work operation standardse For instance, for stamping parts, high productivity 
presses are used, but the feed of the band to the press, the removal and counting of 
the blanks are still done by hande The finishing of various parts is also done man- 
ually. The mechanization of the auxiliary operations in machining is inadequate. As 
a result, the share of machine time in the piecework standard is very low, and at 
some plants amounts to 10% for work on eccentric and piston presses, to 8% on drop 
hammers, to 12% on hydraulic presses, and to ll - 18% on metal-cutting machine 
tools. Thus, the problem of aircraft construction enterprises is to improve the 
utilization of the machine equipment and to increase labor productivity by means of 
combined mechanization of machine-manual and auxiliary work in each production sec- 


tion. 


recruiting; it assumes the conduct of organized work to fulfill the plan, the cre- 
ation at the plants of suitable living and cultural conditions for the newly en- 
listed workmen, the organized induction of personnel into production, and the cor- 
rect utilization of young workmen according to their skill. 

Industrial statistics show that the greatest number of cases of injury, 
spoilage of product, and damage to equipment and tools occurs with new workers. To 
avoid these unfavorable incidents and to ensure a more rapid growth of the labor 
productivity among young workmen, it is necessary that every unskilled workman, be- 
fore being allowed to do independent work, be trained in the first unit of the in- 
service training system. The training in the first unit lasts from 4 to 6 months 


and includes theoretical preparation and production training. It allows training 
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Another extremely important problem posed by the oth Congress for industry of workmen of the second and third categories. 


ui 


is the automation of the mass operations of production. In aircraft construction, The systematic enhancement of the productive qualifications and cultural level 


EET TUA 


ry 


automation should cover such mass operations as sheet layout and stamping, turning, of the personnel is the law of development of socialist production. Without it, 
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drilling, and milling operations, welding, and riveting. This will sharply reduce the continuous growth of labor productivity, the expansion and improvement of pro- 


the labor cost of the article and will open the way to multiple machine tending. duction, and any technical progress, would all be impossible. The transition to 


Such are the basic trends in the field of mechanization at aircraft construc- general secondary education, the transformation of the high school into a poly- 


oe 
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tion enterprises. : : technic school, and the wide scope of secondary and higher technical education in 


the USSR, all these allow the enterprises to replenish their personnel with workers 
Section 2. Organized Selection of Personnel, Induction into Production, and En- 


hancement of Qualifications of a high general education and technical training level. 


3 ' The special training of personnel by the system of in-service technical train- 
The continuous growth of socialist industry demands its replenishment with 
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ing (Table 13) at each enterprise, is also of great importance. 


panpan 


new cadres. This replenishment is secured by an enterprise from the State reserves 
The enhancement of qualifications helps the workman to master perfectly the 
and by organized selection of personnel. 
; new equipment and advanced labor methods. The workman must know his equipment well, 
The State labor reserves are trained as qualified workers for the enterprises 
' l must be familiar with its tooling and setting up, and must know how to read blue- 
through an extensive system of trade schools, in-service training and technical 
|: prints fluently; the workman at assembly shops must be very familiar with the speci- 
schools, under planned procedure. 
: fications for the units, assemblies, and installations of an aircraft. It is de- 
The organized selection of personnel assumes that the enterprise has & plan of 


$ STAT 
€ m sirable to teach the workers of the main shops a second tool specialty. This will 
recruiting and training personnel by quarters, by specialties, and by sources of ES 
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allow the enterprise to use them effectively during the period of tooling up for the 


production of a new article and will sharply curtail this period. The influence of 


Table 13 


Kind of Training Form of Training Period of Training 


Up to 6 months 
Up to 10 months 


Up to 2 years 


personnel qualifications on the growth of labor productivity may be illustrated by 


Increasing the 

qualifications of 
workmen to cate- 
gory L - 5 


Second stage of 
plant training 


Theoretical in- 
struction, group; 
practical train- 
ing, individual 
and crew 


Third stage of 
plant training 


Theoretical in- 

struction, group; 
practical train- 
ing, individual 


Increasing quali- 
fications of 

workmen to cate- 
gory 6-7 


Technical school 
for foremen 


Theoretical and 
practical train- 
ing, form, group 


Preparation and 
increasing the 
qualifications 
of foremen and 
crew chiefs 


Dissemination 
of experience 
of advanced 

workers 


Schools for ex- 
change of ad~ 
vanced ex- 
perience 


Individual, crew 
and group 


Special pur- 
‘pose courses 


Teaching work- 
men, foremen, 
chiefs of 
offices, depart- 
ment and shop 
superintendents 
individual ques- 
tions of equipment, 
technology, organ- 
ization and econ-, 
omics of production 


Mainly theoreti- 
cal instruction, 
form, group 


the following examples: At some aircraft construction plants, training the oper- 
ators to set up their own machines has increased the output by 20 - 25% and has in- 
creased the monthly earnings of thé operators by 160 - 220 rubles. When experienced 


turners were put on the turret lathe at one aircraft construction plant, they in- 
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creased the output of parts from these turret lathes by 70% over that attained by 
less highly qualified operators, who knew only the turret lathe. The experience of 
advanced French and Swedish machine-building shops is of interest. Here each ma- 
chinist iaoi how to operate various machine tools. Owing to these high qualifica- 


tions, such an operator works without spoilage, and he does not need a detailed 


process chart, but guides himself merely by the machining plans. 


Section 3. Division and Cooperation of Labor 


At the socialist enterprise, the division of labor is effected with the object 
of increasing its productivity, and is expressed in the division of labor by types 
and stages of production, by specialties, and by qualifications of the workmen. 

The division of labor by forms of production (main, auxiliary, and service 
production) gives rise to the classification of workmen into primary, auxiliary, and 
service, as well as allows concentration of each type of work in the special shops 
and services, and mechanization of the work in these. 

The division of labor by forms of the technological processes gives rise to 
the specialtiés of workmen and to specialized shops within each form of production. 
The expansion of machine equipment modifies the composition and structure of the 
shops, leads to the dying out of the technological processes and specialties con- 
nected primarily with manual labor and to the formation of new specialties due to 
the application of the new technique. Under the conditions of the social method of 
production, the introduction of machine equipment does not lead to the dropping of 
workmen of the obsolescent specialties from production, which is characteristic 
for capitalism, but produces instead a new and more perfect assignment of personnel 
to production and leads to the enhancement of their qualifications and skalle 

The division of labor into operations of the technological process of manu- 
facturing the production item permits the manual labor to be defined and mechanized; 


allows distribution of the operations among the work stations as far as possible, 
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so that the times for their execution are equal or a multiple of the pace of output one and the same time. In line production, however, where each work station in the 


of the article; allows assignment of operations to definite work stations so as to 


line is specialized, the workmen are bound by the same rhythm of work, 


increase the responsibility of the operator for the condition of the equipment, and 9 One of the forms of labor cooperation between workmen is the production crew. 


for the quality and quantity of his work, i.e., to destroy the impersonality and Several forms of workmen's crews are characteristic for aircraft construction enter- 


$ lack of personal responsibility in labor; to specialize the workmen in performing 


prises, 


uniform operations so that labor productivity will increase more rapidly. 


Crews of one form are organized by joining several workmen of the same or dif- 


The division of labor according to qualifications for the work means that work 


ferent trades for joint labor, with a common object or common means of labor. Fx- 


of a definite degree of intricacy and accuracy is assigned to workmen with the cor- amples of this type of crews are assembler crews or crews in forging and stamping 


responding qualifications. This encourages the growth of labor productivity and shops. In such a crew, the correct distribution of work between its members and 


the improvement of product quality and tends to increase the material incentive of the efficient coordination of its operations are of decisive importance. Crews of 


the workmen in the improvement of their qualifications. & different kind are organized when it is necessary to observe time sequence in 
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The division of labor in socialist production does not mean attaching a work- Work and personal responsibility for a definite portion of the crew assignment. Ex- 


TEN 


man permanently to specific operations. The workman is given all prerequisites for 


A Mart oy 


amples of this form of crew are the equipment maintenance crews » the traveling crews 


RTI 


growth of his qualifications, of machine setters or inspectors. 


The division and specialization of labor under the conditions of interrelated There are also crews that are organized on the principle of servicing a part 


eI qt kn 


production processes gives rise to a cooperation of labor, under which "many per- 


of a productive section. For instance, a section is divided into two crews, the 


sons participate, in a planned and joint manner, in one and the same process of first performing the control assembly and drilling and the second the riveting of 
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labor, or in different but interrelated processes of labor" (Bibl.21). the sparse In this case, it is not only important to efficiently determine and co- 


IER 


The cooperation of workmen performing the technological process of manufac- ordinate the work of each crew member, but also to correlate the work of the crews 


turing the object of labor expresses the interrelation of the partial processes of with respect to time. 


labor. The deeper the process of division of labor, the more specialized will the 


Section 4. Indoctrination of Labor Discipline in Production 
work stations become, and the more sharply and distinctly will the cooperation of 


URS aa A VS VR, Jn E 


the producer machines stand out and, on this basis, the cooperation of the partial The highly mechanized socialist production, guided by a plan and operating in 


labor processes as well. For instance, under the condition of a development enter- the interest of all of society, demands a high labor discipline of each of its mem- 


prise, the workman performs all operations of the given type of work on universal 


berse Violation of discipline introduces disorganization into the work of the col- 
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equipment. Here the productive relation between one turner and the turner oper- lective of the enterprise and disturbs the planned course of production. For this 


ating at the adjacent work station is not particularly clear, and is disclosed only reason, the observance of strictest discipline during working time is an objective 


STAT 


necessity of socialist production. 


at the time of assembly, when parts processed by different turners must arrive at 0 
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The following are the most important features of socialist labor discipline in 
production: 
A conscientious attitude of each member of the collective of the enterprise 
RE his work, which is expressed in complete and productive utilization of the 
working time and equalization on advanced examples of production work, at a high 

level of labor productivity. 

Observance of the rules of internal order, of technological discipline and one- 
man responsibility during the entire Working time, i.e., the exact, rapid and cre- 
ative implementation of the dispositions of his leader, 

Àn economical attitude toward the socialist property entrusted to the worker 
by the state. This is expressed in the correct operation of the equipment and in 
the economical use of power, tools, and materials. 

These qualities should be inculcated in every workman by the administration 
and the social organizations of the enterprise, making use of political education 
and propaganda, individual talks, production conferences, the press, criticism and 
self-criticism, and other forms of social education and administrative influence, 

The administration and the trade union organizations should study the causes 


of violation of discipline and eliminate them. 


Section 5. Organization and Servicing of the Work Station 


The term work station, in production, means a part of the production area, 
with the equipment and related tooling located on it, which is used by the workmen 
to perform the labor process. 

The organization of the work station is directed toward the creation of maxi- 
mum convenience, allowing the labor process to be performed with the minimum ex- 
penditure of working time, This is achieved by rational tooling and correct 


planning of the work station, and by maintenance of order and cleanliness at the 


Work station. 
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The rational tooling of the work station consists in providing for combined 


mechanization of the work. For instance, to reduce the time of inserting and at- 


taching parts in a machine tool, and also for the removal of the part from the ma- 


Fig.54 - Counting and Measuring Boxes 


chine tool, quick-release clamps, signal and gang-tool attachments are used; to 


Shorten the time for resetting the equipment, rapidly removable attachments are 


used, attachments with removable clamping parts and adjustable control dies; for 


feeding strips and profiles into a press, and for automatic loading of machines, 


&utomatic feeders and bunkers are used. Preference is given to equipment with push- 


button control; to shorten the time spent on measuring parts, single-measure gages 


or gages with electrical, pneumatic, or hydraulic indicators built into the equip- 


ment are used, including types which are automatically set to attain a predeter- 


mined accuracy of machining; for lifting heavy dies and attachments, inserting them 
in the press and removing them from the press, electric hoists or electric cars 
with a platform hoist are used; for delivery of a part or article to the next work 
station, various intermachine (local) and all-line transfer materials-handling de- 
vices are used, 

For safety and convenience, the work stations are equipped with shield and 


STAT 
protective devices, counting and measuring boxes (Fig.54), floor gratings; a small 
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Fig.55 - Planning of the Work Station 

l for a Turner 

a Hanorac: b - Correct 
“Phe patti. df distin af the machinist with 
the blank to the machine and with the . 
finished part from the machine to the 
table of the dolly was 390 m per shift 
at an incorrect layout of the part, and ' 
was only 120 m at a correct layout of 
the part, i.e., it was shortened by 

270 m l 

1) Lathe; 2) Parts; 3) Table; 4) Con- 
tainer with blanks; 5) Measuring dolly 


with parts and blanks 


drum for holding oil cans, attachments, and tools; individual lighting; signals for 


summoning the service personnel; and handling devices for chip removal. The stand- 
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ardization of the main and auxiliary 
tooling of the work stations considerably 


reduces the cost of fabricating such 


' tooling. 


The planning of the work station 
(Fig.55) should encourage the economy of 
movement in work, take account of the 
convenient access to the machine in main- 
tenance and repair, and the possibility 
of installation of materials-handling 
facilities; in planning one must bear in 
mind the necessity of economical use of 
spaces In multi-machine tending, the 
equipment is so arranged that the path 
of the operator from machine to machine 
Will be the shortest possible; in line 
work, the equipment is laid out in a 
chain following the cost of the techno- 
logical process; the machines for 
processing long-rod materials are laid 
out at a mutual angle. 

The maintenance of order and clean- 
liness at the work station is of con- 
siderable importance. Order in the ar- 


rangement of the parts and tools at the 


work station is determined by the fol- 
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wrist 


Zone accessible to hand outstretched 
sideways f 


Also with a small forward inclination of 
the body 


Fig.56 - Zones of Location of Implements at the Work Station STAT 
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Zone accessible to hand on motion 
of wrist in the vertical plane 
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| 

| 

i d Fig.57 - Zones of Location of Work Sta-  Fig.58 - Correct Position of Operatorts 

| tions with Respect to Height and Equip- Body in Work on Bench Machines y e 
i er 


; ; ment Items in the Vertical Plane 


Fig.60 - Work Station of Turner in Series Production 
a) Plan; b) Drawer for drawings and gage; c) Machine ; 


d) Floor grating; e) Tool closet; f) Rack 


Fig.59 - Work Station of Turner in Piece Production 
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lowing elementary propositions: Everything must have its permanent place, all im- formance of various operations, and therefore its equipment and tooling are univer- 


plements used frequently should be placed nearer, everything handled with the right sal. In this case, in organizing the work stations, provision is made for storage 
| T hand should lie to the right, and everything handled with the left hand should lie D ' © at that place of a list of tooling, materials, and blanks such that the workman does 


Fig.62 - Utilization of Working Time for Preparation When a Work 
Station is Set Up during the Shift (A) and When it is Set Up 


before Beginning of the Shift (B) 


3 : > a) Delivery of material, blanks, tools, attachments, etcs; 
Fig.61 - Work Station of Crew on a Hydraulic Press b) Setting up the machine; c) Current maintenance of machine; 


: d) Lunch, 1 hour; e) Resetting and inspection of machine; 


m to the left. It is most convenient when the needed items are in a zone from which 
: f) Working shift; g) Clean-up and delivery of machine to the 


i the operator can take them without bending, stretching, or turning his body (see 
* pe Bs Bs g y ( next shift; h) Lunch; i) Before shift 


Figs.56, 57, and 58). Maintenance of order at the work station helps the worker to 


i : develop rapid and automatic motions. Order and cleanliness are important elements not have to leave his station to go to the stockroom during his shift. A simple 
| | in the organization of labor, discipline, and work without spoilage. work station in series production (Fig.60) is equipped to perform definite opera- 
: : Simple and complex work stations are distinguished. At a simple work station tions; the corresponding tooling is supplied. A simple work station in mass pro- 
; the apito? works on a single machine; at a complex work station one operator duction is prepared and tooled to perform one or two operations, so that its orig- 
i Works at several machines (multiple-machine tender) or several operators work on . inal tooling is reduced to the minimum and as far as possible built into the ma- 
| one complex machine, press, or assembly stand. chine itself. STAT 


Complex work stations are widely used in stamping shops and especially in as- 


A simple work station in piece production (Fig.59) is adapted for the per- 
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sembly shops. The hydraulic press is a typical example of a complex work station in 


Section 6. Organization of Socialist Competition 


the stamping shop. In advanced enterprises, a permanent crew is attached to a hy- 


Socialist tit ; 
draulic press; the duties are so distributed among the members of this crew as to o caida SL M a d C 


it expresses the new, communist attitude of people toward work, develops the feeling 


ensure uninterrupted operation of the press. The work station is equipped with con- 


of comradely mutual aid, and helps to draw the laggards up to the level of the ad- 


tainers, benches, racks with form-blocks and blanks (Fig.61). 


vanced workers. 


An example of a complex work station in major assembly shops is the work sta- 


tion of the crew at an assembly stand. The work station is provided with an as- O a EDU SUR ASIE e 


sembly jig, stepladders, portable tools, and hoses. In the major assembly of large technical level of the workmen, socialist competition covers an ever widening area 


components, places are assigned in each assembly zone for holding the sections, of the productive-economic activity of & socialist enterprise and assures an ever 


td greater saving of living and materialized labor. 


i units, and parts to be attached in this zone. The workmen have portable boxes for Ei 
e z Socialist competition does not tolerate formalism, red tape, or replacement of 


it tools and cartridge-holder containers for the rivets. A monorail carrier with a 
living organizational work with people by the compilation of schedules and reports 
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i 


hoist is installed above the assembly jig, and is used for placing the section in 
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ey 
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the jig, for removing the assembly from the jig, and for its transfer to the fol- xl Qc cdd M M C M C E 


tye 


n lowing stage of assembly. El The active forms of organization of competition at enterprises, and those in- 

La a ate ; T 

E Organization of the Servicing at a Work Station. The problem of the most ef- L| n d CE D D C MEM 
9 p e basic indices should be overfulfillment of the output standard and improvement in 


fective utilization of working time during production largely reduces to the problem ud 
er the quality of the article. 


of separating the service and auxiliary work from the main work, and of mechanizing 33 
^ 
the former. The machine must operate continuously, but this is possible o nisu za In the course of socialist competition, numerous cadres of innovators and ad 
itg the case where the operator is occupied solely with the main work; before beginning be vanced workers of production have: been: formed and have shown examples of proper 


the shift, the equipment must be checked by the maintenance workers, and, if utilization of the new equipment and of good labor organization. 


The dissemination of advanced experience is the prime desideratum in competi- 


necessary, must be repaired; the preparer and stockroom clerks must make timely de- 


y (E 
es 


tion. Advanced methods of work must become the common property of all enterprises 


Eric rp 


livery of the materials, blanks, and tools to the work station; and the foreman 


n 
$ 


and workmen of the given trade. 


must thoroughly instruct the operator on the work to be done, the day before the 


tM 


The most practical forms of dissemination of advanced experience are the hand- 


bu * shift. Figure 62 shows the degree of utilization of working time with different 


down experience of individuals and crews within a shift, the exchange of working 


systems of servicing. The work practice of production innovators shows that » When 


experience between shifts, and the mass instruction of workmen in advanced methods 


the preparation ‘of the work stations is organized and if they are serviced without 


interruption during the shift, the output is far higher, owing to the elimination GE WORK 


of idle time between shifts. The individual or crew hand-down of experience consists in the advanceSTAT*k- 


man demonstrating his method of work directly at his own work station to one or 
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Fig.63 - Record Chart for Fulfilment of Assignments by Shift Workers 
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several workmen who perform analogous operations. Each workman individually repeats 
the methods of the advanced worker, and then suggests possible improvements, The 
conduct of this work is directed by the foremen and technologists. The individual 
or crew type of passing-on of experience must primarily cover the workmen who do not 
meet the output standards, showing them every cooperation in the improvement of 
their qualifications and in the mastery of the advanced methods of work, In this 
case the cadre workmen, who have built up an extensive production experience, play 
an important role. 

At many aircraft plants, advanced experience is exchanged between workmen of 
different shifts. The shift foremen play a vital role here, organizing the compe- 
tition and exchange of experience between the workers on adjoining shifts, elimin- 
ating the factors that interfere with the attainment of high output by the workers, 
and helping to uncover and utilize new reserves, Figure 63 is a record of the per- 
formance of shift assignments used in organizing a competition between shifts. 

The following forms of socialist competition are highly important for the in- 
troduction of advanced work: organization of combined crews of workmen, foremen, 
technologists and designers for solving the current and prospective production prob- 
lems; strengthening the creative collaboration between the engineering-technical 
workers and the production leaders; development of the movement of aerators and 
rationalizers. 

The mass instruction of workmen in advanced experience is encouraged in the 
method developed by Engineer F.Ya.Kovalev, which has found wide application in 
machine-building, including the aircraft industry. This method, aged on the study 
and generalization of the experience of advanced workers, is composed of the fol- 
lowing stages: 

le Selection of objects, ieee, of operations and methods that are most wide- 
spread and contribute the greatest share to the labor cost of tha- picles 


2. Selection of advanced workmen, who perform these operations most pro- 
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Fig.63 - Record Chart for Fulfilment of Assignments by Shift Workers 
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several workmen who perform analogous operations, Each workman individually repeats 
the methods of the advanced worker, and then suggests possible improvements, The 
conduct of this work is directed by the foremen and technologists. The individual 
or crew type of passing-on of experience must primarily cover the workmen who do not 
meet the output standards, showing them every cooperation in the improvement of 
their qualifications and in the mastery of the advanced methods of work. In this 
case the cadre workmen, who have built up an extensive production experience, play 
an important role. 

At many aircraft plants, advanced experience is exchanged between workmen of 
different shifts. The shift foremen play a vital role here, organizing the compe- 
tition and exchange of experience between the workers on adjoining shifts, elimin- 
ating the factors that interfere with the attainment of high output by the workers, 
and helping to uncover and utilize new reserves, Figure 63 is a record of the per- 
formance of shift assignments used in organizing a competition between shifts. 

The following forms of socialist competition are highly important for the in- 
troduction of advanced work: organization of combined crews of workmen, foremen, 
technologists and designers for solving the current and prospective production prob- 
lems; strengthening the creative collaboration between the engineering-technical 
Workers and the production leaders; development of the movement of inventors and 
rationalizers, 

The mass instruction of workmen in advanced experience is encouraged in the 
method developed by Engineer F.Ya.Kovalev, which has found wide application in 
machine-building, including the aircraft industry. This method, based on the study 
and generalization of the experience of advanced workers, is composed of the fol- 
lowing stages: | 

l.e Selection of objects, i.e., of operations and methods that are most wide- 
spread and contribute the greatest share to the labor cost of the articles 
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ductively and whose work should be studied 
3. Study, by observation, time-study, or preparation of descriptions, of the 
basic features of the work of each advanced workman. 


ke Selection of the optimum methods, and on their basis, design of the most 


rational labor processes. 

5. Compilation of description charts of the rational performance of opera- 
tions. 

6. Development and introduction of organizational-technical measures ensuring 
the tooling and organization of the work station in accordance with the 
process so developed. 

7. Mass instruction of the workmen in the new methods of work. 

Experience shows that Engineer Kovalevts method should primarily be applied to 
the operations of greatest labor cost and bulk. At aircraft construction enter- 


prises, these will be the stamping, milling, welding, and riveting-assembly work. 


For a socialist competition to become a mass competition and to penetrate into 
all production units, one must pass from the accomplishments of the individual 


eee a ey ae Pare Da kalin mikes IIL By A | 


leaders of production to the mastery of their methods by the whole collectives of 
. Sections, shops, and enterprises. 

It is also important to organize the exchange of advanced experience between 
plants and to send engineering-technical workers and workmen to advanced plants for 
& thorough study of their favorable work experience. 


rm e mein ma T o 


The shop superintendents, foremen and crew bosses are the direct organizers 
and leaders of competition at an enterprise. The organization of socialist compe- 
tition and the widespread dissemination of advanced experience of work are ex- 
tremely important tasks.for the administration and leaders of party, communist 
youth, and trade union organizations of the enterprise. The technical library plays 
an important role in the dissemination of advanced experience. 
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Section 7. Calculation of the Cycle of Simultaneous Work of an Operator on Several 
Machines pe Mechine Tending} Machine Tending 


With the development of combined mechanization and automation of the labor 
processes, great possibilities are offered for the application of multiple-machine 
tending. This form of work is widely used in performing operations with a prolonged 
machine time, Multiple-machine work is characterized by the duration and structure 
of the cycle, i.e., by the period of time during which the process of work regularly 
recurs at each group of machines. Figure 64 is a graph of a cycle of multiple- 
machine work, from which the following conclusions may be drawn: 

The simplest form of multiple-machine work is the performance of one and the 
same operation by one operator on several machines. In this case, the duration of 
the cycle is 


C= Ty + Ty 


The number of machines at which an.operator can simultaneously work is calcu- 
lated from the formula 
Tu f, 
is tutbloy Hop tHe j 
In these formulas, Ty is the duration of the machine-automatic elements of the 
operation; 
ty is the duration of the hand and machine-hand elements of the operation 


that do not overlap with the machine-automatic time on a given machine; 


t $ is the duration of hand and hand-machine elements of operation, overlapping 
o 


with the machine-automatic time on a given machine; 


t 


obs 13 the duration of observation on work of the machine after turning on : 


the automatic feed; 


STAT 


ti is the duration of transition from machine to machine. 
r 


The use of multiple-machine work is particularly complicated in multistep 
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operations, demanding repeated return of the operator to the machine in processing 
one and the same part. 


Ez 
When operations of different structure and duration are performed on several 3 
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Fig.6! - Graph of Cycle of Multiple-Machine Work 


machines, the length of the cycle of the multiple-machine tender is determined by 
the longest operation. 
If the worker is performing operations of different types on several machines, 


then multiple-machine operation is associated with the practice of several special- 


ties. 
Section 8. Collective Contract 


A collective contract is concluded between the plant administration and the 
factory-plant committee of the trade union, and contains the obligations of both 
parties. 

In capitalist enterprises, a collective contract is a means for the workers of 
the given enterprise to protect their rights won from the factory owner. Here the 
interests of the two sides are antagonistic. 


In a socialist enterprise, both sides belong to the same class, their interests 
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are the same and are directed toward the improvement of all aspects of the activity 
of the enterprise. Here the collective contract represents a bilateral agreement 
and consists of the following subdivisions: obligations of the administration and 
plant committee in fulfillment and overfulfillment of the State production plan in 
all indices; wages and output standards; personnel training at the enterprise and 
improvement of their qualifications; State and labor discipline; housing and living 
conditions; labor supply and cafeteria facilities; labor protection amd cultural 
services. 

Each of these divisions contains definite obligations, and specifies concrete 
measures. The collective contract is drawn for one year and is first discussed at 
general meetings of the collective. 

It is necessary, in discussing a draft collective contract, to listen atten- 
tively to all comments of the workmen and employees, to ensure extensive discussion 
of all amendments and additions to the draft, and to use the work, on realization 
of the measures prescribed by the collective contract, as the foundation of labor 


union work in the enterprise. 


Section 9. Discussion of Labor Disputes and Prime Functions of the Commission on 
Labor Disputes 


The Soviet labor legislation prescribes three procedures for settlément of 
labor disputes: conciliation, administrative, and legal. 

Conciliation procedure means the discussion of labor disputes in a committee 
for labor disputes (KTS) of the enterprise, or its shop (conciliation). If agree- 
ment is not reached in the KTS, the case may be submitted to a court. 

Administrative procedure means the discussion of labor disputes by officials 
of superior agencies (superior with respect to the enterprise or institution at 
which the labor dispute originated). ‘ 

Legal procedure means the consideration of labor disputes by the peop! AT 
court and by the judicial body of appellate jurisdiction. 
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The KTS is organized at enterprises, and also at shops, having shop labor union 


committees, The KTS is aparity agency consisting of two parties represented by 


equal numbers of delegates and having equal rights: the workmen's delegation, ap- 


pointed by the shop or plant committee, and the administration delegation, appointed 
by the shop superintendent or the enterprise director, as the case may be. The 
chairman and secretary of individual sessions of the KTS are appointed alternately 
by the parties. The positions of chairman and secretary of a session may not both 
be held by representatives of the same party (side). In accordance with the regu- 
lations on plant and shop commissions on labor disputes, disputes on the following 
questions are subject to obligatory review: transfer to other work and maintenance 
of earnings in connection with that transfer; payment of a crew for unfinished 
piecework or for preparation for its performance, stoppage, underfulfillment of 
standards, rejected work, overtime work, performance by one worker of the work of a 
workman of different qualifications; discharge for unfitness and for failure to per- 
form duties; deductions from wages for damage caused to the enterprise; satisfac- 
tion of the daily material wants of workers (failure to perform obligations under 
the collective or labor contract), and others. 
The following subjects are excluded from the competence of the KTS: cases on 

discharge and reinstatement of persons exercising the right of hiring and firing; 

. changes in the position and personal salaries and base-pay rates; establishment or 
change of the tables of organization; disputes connected with the provision of 

housing space.and satisfaction of the material wants of the workers, if the case is 
not connected with obligations under the collective contract; cases pending in 
court; cases on disciplinary fines, imposed for infraction of the rules of internal 
order, The KTS is obligated to consider labor disputes within a five-day period. 
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CHAPTER VII 
ORGANIZATION OF THE TECHNICAL STANDARDIZATION OF LABOR 
AT THE AIRCRAFT CONSTRUCTION ENTERPRISE 


À technically justified standardization is an exact and objective method of de- 


termining the measure of labor. The basic task of the technical standardization at 


an enterprise is to establish the consumption of labor time necessary for the pro- 


duction of unit product or for performing a definite volume of work. 


In production, technical standards are necessary in order to determine the la- 
bor consumption for production of the product, to calculate the requirements of the - 


enterprise for workmen, equipment and area, to eliminate lack of personal responsi- 


bility for labor standards and wages. Without advanced technical standards it is 


impossible to conduct a planned economy, to maintain proportionality of its parts 


and to organize labor correctly at the enterprise. Technical standards encourage 


the development and improvement of the technique of production, and draw the lagging 


workmen up to the level of the advanced ones. The technically justified standardi- 
zation of labor forms a link between technology and economics of production, and 
the social and personal interests of its workers, and is an extremely important fac- 
tor in improving the technique and organization of production. 
An important task today is the replacement of the experience-statistical time 
standards by technically justified time standards and earning standards, which most ' 
fully reflect the accomplishments of science and technology and the advanced ex- 

perience of the innovators of production. 


One of the fundamental tasks of the managers of enterprises is to create the 


technical and organizational conditions for all workmen to ensure fulfillmec ATA 


ovenfulf 


ified standards. 
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Section 1. Technical Standard Time and Standard Output 
The time in which a worker should perform the work assigned to him is called 


the standard time. Consequently the standard time is a measure of labor producti- 
vity. Such a standard time is calculated, with allowance for mechanization of labor 
of the operator; increase in his technical and cultural level; correct structure of 
the labor process; efficient organization of the work station and of its servicing. 
A progressive standard is established in accordance with the concrete conditions of 
each enterprise and occupies a position intermediate between the record output of 
the advanced workmen of the enterprise and the average output of the remaining 
workers who meet the standard. 

A technically justified standard time is established on the basis of the opera- 
tion. 

An operation is the part of the technological process which is performed by a 
single workman or a group of workmen at a single work station and covers all the 
successive actions of the workman on a part or a group of parts until change-over to 
work on the next part or group of parts. An operation is characterized by constant 


labor process, object of labor, and equipment. 


For a rational performance of operations and for measurement of the duration of 


their elements, in technical standardization, operations are broken down into the 
following elements: 
Processing operations into steps, passes, groups of elements, elements, and 
working motions; 
-Assembly, installation-adjustment, shaping and similar operations, into 
elements and working motions. 
A step is a part of an operation during which one and the same surface is 


l processed with one and the same tool, at constant operating condition of the equip- 


ment. In hand work, a step is characterized by the constancy of the treated surface 


or of the tool. 


zs 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


- 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


A pass is that part of a step during which a layer of metal is removed. <A pass 


consists of a group of elements, in which only a single basic (technological) machine 


or mechanized element enters, together with several related auxiliary elements re- 
lated to it and ensuring its performance. 

The performance of an operation by a workman is composed of various purposeful 
working motions which, for convenience of standardization, are combined into an ele- 
ment, and these elements are in turn combined into a group of elements. 

A working motion is the simplest fundamental element of the labor process and 
represents a single action of the workman (for instance "extend hand", "take work- 
piece", "transport workpiece to chuck"). 

An operation element is a group of working motions correlated by a single pur- 
pose. Elements may be primary and auxiliary. The technological purpose of a given 
operation is attained by means of primary (technological) operation elements. For 
instance "grind", "countersink". Auxiliary elements ensure the performance of the 
primary elements. For instance, "insert blank in chuck", "set cutter", "remove 
cutter, 

A group of operation elements is a group of elements combined into a group ac- 
cording to " technological criterion. For instance, "remove machined part and in- 
sert a new blank". The technological group is characterized by the strict sequence 
of performance of the elements, in accordance with the technology of processing or 
assembly. 

The degree of breakdown of an operation into its component elements depends on 
the type of production. In formulating the technological process in mass produc- 
tion, an operation is broken down into elements and motions. In series production, 
only the mass operations are broken down into elements, while the remaining ER 
tions are broken down into groups of elements. In a development enterprise, a con- 
solidated standardization is used, by groups of elements 'or by the ISperaktun as a 


TAT 
justification of the technical standards ín 
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these types of production varies. 
' The working time, meaning the established duration of a working shift, is di- 
vided into time for work and time for breaks. 

The time for work includes the setting-up and clean-out time; the operative 
time and the time of servicing the work station. The operative time in turn is com 
posed of primary and auxiliary time. The time for breaks in work includes the breaks 
for which the operator is responsible and breaks for which. he is not responsible. 

The latter includes the time for his natural needs and, in some cases, for rest. 

Differentiation is made between standard piece time, standard piece-calculated 
time, and standard batch time. 

The standard piece time Tp defines the duration of the time to perform an oper- 
ation on one piece or unit and is composed of the expenditure of primary time T 
auxiliary time T,, service time T erys and the time of breaks for rest and natural 
needs Trest? 


Tp = To + Ta + Tsery * Trest 


The primary (technological) time is the time during which the change in the 
processed or assembled article, prescribed by the process chart, takes place. The 
primary time may be: a) machine time, if the changes in the article prescribed by 
the process chart are accomplished by a machine without participation of the work- 
man; b) machine-hand time, if the change in the article is accomplished by a mech- 
anism with direct participation of the operator, for instance, work on machines with 
hand feed, drilling with pneumatic and electric drills; c) hand time, if the change 
in the article is produced by the operator manually, without participation of a 
mechanism, The primary time in each form of work (casting, forging, machining, 
fitting, welding, assembling) is calculated with consideration of the specific 
features of the process of the given form of work. 

Auxiliary time is time spent by the operator in performing auxiliary operation 


elements which recur with each article processed or in a definite sequence, after a 
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certain number of such articles. The auxiliary operation elements include the fol- l 


lowing: pick up part, insert part, attach part, start machine, bring tool to part 
and remove it from part, stop machine, measure part, release part, remove and dis- 
pose of part, switch speed or feed of machine, readjust tool. The auxiliary time 
may be hand, machine-hand, and machine. In designing the technological process it 
is important to minimize the time spent on auxiliary operation elements, and to 
mechanize such elements. 

Time of servicing the work station is the time spent by the operator in caring 
for the work station, maintaining it in order and keeping it clean. This time is 
divided into the time of technical servicing spent on replacing a dulled tool, ad- 
justing the tool, fine resetting of the equipment during the process of work, lubri- 
cating and cleaning the equipment; time of organizational maintenance, spent on dis- 
tributing and cleaning the tools at the beginning and end of the shift, on in- 
specting and testing the equipment, and on sweeping up the chips. 

The time for natural needs is allowed in all cases of work, and time for rest 
in all cases except in work with a long machine time, which may be used for rest. 

The time standard per batch of parts Thatch is established in processing parts 
or units in batches, and includes the piece time per part T., the number of parts n, 
and the setup and cleanout time T, ¿+ The batch standard time is calculated by the 
formula l 


Thatch 7 (7, xn) + Ts.c 


The setup and cleanout time covers the — of the operator and his 
work station for machining a batch of parts. It includes the time spent by the op- 
erator in familiarizing himself with the assignment and technical documentation, in 
receiving instructions from the shift foreman, in preparing the work station and in 


setting up the equipment, and in removing the tools and attachments after po 


tion of the assignment. This time is characteristic for the production sections at 
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which more than one shift is worked at a work station, which is usually the case 
when parts are processed in batches. The setup and cleanout time does not depend on 
the size of the batch being processed, and is usually calculated in percent of the 
operative time. 

is the standard time for one part or 


pec 
unit, taking account of the setup and cleanout time. This standard time is de- 


The calculated standard piece time T 


termined by the formula 


T 
where —S: is the setup-cleanout time related to a single part. 
n 


Not one of these forms of standard time includes the overlapping time, i.e., 


the time of the elements performed either during the machine time or parallel, i.e., 
simultaneously, with other operation elements. In the latter case, the standard 
time will include only one, the longest, element, of the overlapping elements. 

The standard output defines the amount of work in unit time and is a quantity 


inversely proportional to the standard time. The standard output is usually es- 


: tablished for a shift, and is calculated for the operations without setup and clean- 


out time by the formula Nout = E and for operations with setup and cleanout time 
P 
by the formula 


The relation between the standard time and the standard output is expressed by 
the formula 


100x 
100-x 


y = 


where y is the increase of the standard output in percent; 


x is the decrease of the standard time in percent. 
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Example. The existing standard piece time for a part is 20 min. By how many 
percent must the standard output be increased in order to increase the labor pro- 
ductivity by 20%? Let us solve this problem as follows: 

l. On increasing the labor productivity by 20%, the new standard time will be 


20 ~ (20 x 0.2) = 16 min 


2, With the new time standard, the output of the operator per shift will be 


480 : 16 = 30 parts. 


3. By comparison with the previous standard output per shift (480 : 20 = 
= 2), pieces), the new standard output with the new standard time is greater by 
30 - 24 = 6 pieces or by £ 100 = 25%. 
Solving this example by means of the above formula we obtain the same result: 


y. - 25% 

The quality of the standard output largely depends on the specialization of 
production and the method of standardization. 

Peculiarities of the calculation of the standard piece time for fitting work. 
Fitting work includes cutting, chipping, filing, scraping, thread-cutting, chamfer- 
ing and removal of lugs. For these types of fitting work, the time Standards are 
calculated by standard Tables. 

The standard Table of primary technological time for fitting work is worked 


out in two stages. The first stage is the classification of the separate forms of 


work and of the factors affecting the time they take. The second stage is finding l 


the relationship between the change in the value of a factor and the change in the 
time taken by the work, For instance, the filing time for one square centimeter of 
material, with the same shape of the processed surface and the same material, de- 
pends on the width of the surface, the depth of the filing, and the finenese pf the 
filing. These relations are found analytically; for instance, the relation between 
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the time T and the width of filing W at constant depth is expressed by the formula 


T 


hore 18:ne depth. at Filing; dn mi 
x is a factor depending on the conditions of the work. 

This relation is established for each specific type of surface and form of ma- 
terials and is expressed by a straight line, when plotted in logarithmic coordi- 
nates. 

The working out of standard Tables of duration of the auxiliary operation ele- 
ments of fitting work is based on the determination of the typical operation ele- 
ments (pick up part, clamp it in the vise, pick up production tool, remove produc- 
tion tool, release part, pick up gage, verify surface processed, remove gage, re- 
move part) and the establishment of the duration of these operation elements in ac- 
cordance with the influence of various factors. 

As a result of the fact that fitting operations are brief and are done mainly 
by hand, the standard times for fitting work in series production are found from 
standard Tables, calculating the standard times not by operation elements but by 
groups of operation elements, and by combining the group of auxiliary operation ele- 
' ments with the primary process operation elements. In percent of this operative 
time, the time ráp Warvioing the work station, for rest, and for natural needs is 
established. 

Fedra of Computing Standard Piecework Time for Drilling and Riveting Work. 
The process of joining individual metal parts and ues of aircraft by rivets in- 
eludes drilling the rivet holes, countersinking or ETE the holes for the rivet 
head, inserting the rivet in the hole, clamping the riveted material, and riveting. 

The primary time in drilling is determined from the formula 


___ 34%,D 
° 0 mskyks 
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where d is the thickness of the drilled layer of material, in mm; 
kj is a factor characterizing the material; it is taken as 0.31 for duralumin 
» and steel with an ultimate strength of less than 125 kg/mm, and 0.18 for 
steel of greater ultimate strength; 

D is the diameter of the drill, in mm; 

n is the idling rpm of the drill; 

s is the feed per revolution of the drill, in mm; 

ko is a factor allowing for a decrease in drill rpm during drilling (equal to 
0.8); 


kg 


drill diameter and the depth of drilling, owing to inadequate removal of the 


drillings and the need for removing the drill during the time of work (usu- 


ally equal to 1 to O.7). 


The auxiliary time connected with drilling each hole includes the time for per- 


l ® forming a number of operation elements: positioning the drill at the point of 
NS 


drilling, removing the drill from the hole, and moving the part or drill by the 
rivet pitch. On the basis of the data on the primary and auxiliary times, Tables 


are compiled showing the standard operative time for drilling (cf., for instance, 


Table 14). 
The primary time for riveting is determined in accordance with the diameter 


and material of the rivets by the formula: 
mo M k 
RE 


where A, is tHe work of deformation necessary for clenching the rivet head, in 


kg-m; 
A is the work of deformation of one hammer impact, in kg-m; 
Sup i STAT 
E Y n is the number of hammer blows, in min; 
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is a factor allowing for decrease of feed rate at various ratios between the 
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Table 16 


Time for Servicing Work Station, Rest, and Natural Needs 


c) 
d) e) 


f) g) 


h) h 


I. Servicing Work Station 


Preparation of Hivet Gun 
and Air Line for Work 


Setting Tool, Adjusting and 
Setting up Press and Suspension 


Familiarization with Work and] 2,0 
Receipt of Instructions during 
the Working Day. 

Procurement of Tool in Ex- 
change of Dull One 


Delivery of Work 5,0 1,14 5,0 1,17 3,0 0,67 
Preparation of and Cleaning |3,0| 0,70 | 3,0) 0,70 | 3,0) 0,67 
out Work Station 


0,075 
0,075 


Total  |3,0 3,0 ([13,0f 3,04 (12 2,68 


II. Breaks for Rest and 0,0 7,0 38,0 8,92 120,0 4,4 
Natural Needs 


5 


D18 

D16 
Steel 1 

D16 
Steel 15 


Total Time for Servicing 43,0 
Work Station, Rest, and 
Natural Needs 


fr.Top 
fr, 
Bottom 


a) Noes b) Type of elements of time expenditure; c) Kind of work; d) Drilling and 
riveting with rivet gun; e) Riveting and punching holes with squeezed riveters; 
f) On tables and benches; g) Assembly jigs; h) Time; i) In min; j) In percent of 


operative time STAT 


pm ive t pariet 
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k ís a factor characterizing the type of support. 


guns are compiled. 


The auxiliary time in riveting with hand riveting guns depends mainly on the | 
method and form of riveting, and is also tabulated. The auxiliary time in riveting 
with squeeze riveters depends on the method of setting the rivet, the method of 
holding the part or unit, and its dimensions. 

In standardizing the drilling and riveting of units, the operative time is ob- 


tained by multiplying the operative time for drilling one hole or riveting one rivet 


by the number of rivets in the part or unit, adding to the product so obtained the 
time for all auxiliary operation elements connected with the part or unit as a 
whole, ises, 

For drilling: Top = top.hole * n + Ta; 


For riveting: Top = top.riv * n + Ta 


Table 15 gives an example of a standard Table of operative times for riveting. 


The standard piece time for drilling and riveting is calculated by the for- 
mula 


Where k is the sum of the time for servicing the work station, rest, and natural 
needs, in percent of the operative time (taken from Table 16). 


Section 2. Methods of Establishing Standard Time 


Two methods are used to establish the standard time: total and analytical- 
computational. 
The total method of standardization consists in establishing the standard time 


for the operation as a whole by the experience-statistical method, on the basis of 


the personal experience of the standardizer or by comparing the work being stand- 


. 236 
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By means of this formula, Tables of the primary time for riveting with riveting 
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ardized with similar work done earlier in the unit. In this method there is no 


measurement, analysis nor calculation of the duration of the elements of time making 


up the operation, The time standards established from statistical data are usually 
too high, since they start from the level of the old technique and include all the 
losses that formerly existed in the production. 
Experience-statistical standards lead to the application of exaggerated tariff 
categories for the work performed, to the piling up, over the base-pay rates, of 


every type of invented bonus payments and correction factors, holding back the 


growth of labor productivity. Such standards push production backward and do not 
encourage the utilization of its reserves, 

The use of experience-statistical standards and of the total method of stand- 
ardization was condemned by the Central Committee of the Party even before the 
December Plenum of 1935. The igth Party Congress pointed out the necessity of rapid 
transition of enterprises to technically justified standards of time and output. 


In series-aircraft production the experience-statistical standards should be 


replaced by technically justified standards, established by the analytical- 
computational method. 

This same method is applicable to aviation development work in establishing 
technically justified standards for typical operations or for unified parts. In 
calculating the standard times for unified parts, the standardizer first selects a 
typical representative of this group, establishes the time standard for it, and 
then compares each part with a typical representative and, in accordance with the 
value of the deviations, corrects the standard. 

The analytical computational method is a method of calculating the standard 
time according to technical standard Tables, allowing for a rational organization of 
labor and the work station. The prodedure in the work of establishing standard 


times by the analytical computational method is as follows: analysis of the- Aree- 


it down into its component elements; study of the 


M N ture of the operation by brea 


STAT 
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productive possibilities and establishment of the optimum operating conditions for 
the equipment; designing the most rational execution of the operation; establishing 
the time standards from its component elements. 

The standard piece time is calculated by the analytical-computational method, 


using the formula: 


TT =f (i+ E *ka*k3) 
P op 100 


where ki is the ratio of the time for the technical servicing of the work station 
to the operative time, in percent (most often taken in percent of the 
primary time); 
ko is the ratio of the time for the organizational maintenance of the work 
station to the operative time, in percent; 


k, is the ratio of the time for rest and natural needs to the operative time, 


3 
in percent. 
Consider the technique of calculating the individual elements of the standard 
piece time. 
The primary time in work on all metal-cutting machines is calculated by the 
formula 


qoe LL Epp TR TE 


T. Son t” 


where L is the path traveled by the tool or workpiece in the direction of the feed, 
in mm or m (depending on the kinematics of the machine); 
S is the feed rate per minute, of the tool or workpiece, expressed in mm or m; 
i is the number of passes of the tool or workpiece for removal of the ma- 
chining allowance; 
l is the dimension of the machined surface of the workpiece in direction of 


the feed, in my; 


@ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


i 
i 
| 
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1, is the size of cut of the tool in mm, depending on the parameter of the en- 


closed cutting part of the tool, the dimensions of the surface being ma- - 
chined, and the individual elements of the cutting conditions; 
[5 ís the overrun of the tool or workpiece in direction of the feed; this 
quantity is not taken into account if the machining is done against a stop; 
[4 is the additional length to obtain test shavings; for machines already set 
up, 13 does not enter into the standard; 


n is the rpm in rotary motion, n = Y_- 1000 , or number of double strokes 


T*d 


with reciprocating motion, n = “d.s -1000 , in min; 


d is the diameter of the workpiece surface being machined, in mm; 

sy is the feed of the tool or workpiece per revolution or double stroke, in mm; 
h is the machining allowance; 

t is the depth of cut for a given pass. 

The values of s and n obtained by calculation are compared with the correspond- 
ing values in the rating sheet of the machine tool, and the values nearest the cal- 
culated value are taken from it. 

The basic components of this formula in the analytical-computational method are 
taken from the drawing of the part, from the process chart, from the machine rating 
Sheet, and from the standard Tables of the NIAT or the enterprise for the given 
form of work (Bibl.22). 

The auxiliary time is calculated as follows: First, all the operation elements 
are found for the operation and are divided into non-overlapping and!overlapping. 
The non-overlapping operation elements are reduced to groups of elements, and for 
each such group the standard time is taken from the corresponding standard time 
Tables for auxiliary work. 

The time of organizational maintenance, the time for rest, natural neetoy AT 


the setup-cleanup time are taken from the corresponding standard Tables. 
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In mass and series production, the standard time for the mass operations de- 
rived by the analytical-computational method, is refined experimentally at the tech- 
nological plant laboratory or at the shop. 

In this case the equipment, attachment, and tools are studied from the view- 
point of economy of the cutting conditions used and possibility of reducing the 
auxiliary and machine-hand time; the labor process, from the viewpoint of correct 
construction of the labor operation elements and elimination of superfluous ele- 
ments; the work station, from the viewpoint of its suitability for convenient, safe, 
and high-productivity work. On the basis of an analysis of the existing labor con- 
ditions, the standard times are drafted with the object of utilizing the hidden re- 
serves and establishing a progressive standard time for the operation, 

The systems of machining obtained by calculation and the cutting forces gen- 
erated under these conditions are compared with the capabilities of the equipment, 
and are then verified experimentally at the cutting laboratory or at the shop. If 
the calculated cutting conditions are confined by the experience of the advanced 


workers, they are not experimentally verified. The time of servicing and rest is 


established from a photographic recording of the working day (shift-time study). 


The standard time, refined experimentally, is better founded and more rational, 
since it is based on the optimum conditions of labor organization, labor mechaniza- 


tion, and organization of the work station. 


Section 3. Methods of Studying the Consumption of Man-Hours by Observation 


In the practice of the technical standardization of hand work and of the in- 
dividual operation elements, two methods of studying the consumption of man-hours 
by observation are widely used; these are the photographic time study and the stop- 
watch iest The methods may be used separately or jointly. Each of these 


methods helps to uncover and utilize the reserves of labor productivity. 


The photographic time study is a method of studying, by observation and measure- e 


ow uar RR EE nos yt tpe my ee cet PTI ETT 
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ment, all expenditures of working time, without exception, during a shift or during 
some parts of a shift. The study is performed to ascertain the nonproductive ex- 
penditures of working time and to work out organization-technical measures to elim- 
inate such losses; to determine the number of workmen necessary for servicing the 
units and machines; and, in the crew form of work, to establish the number of work- 
men and the division of work between them; to establish the standard time tables for 
the performance of the setup-cleanout and servicing work and for the regulation 
breaks; to study and disseminate the experience of advanced workmen. 

To obtain a photographic record of the working day, first of all the object is 
selected and prepared for observation; this is followed by observation, work-up, 
and analysis of the results, after which measures to improve the utilization of 
working time are developed. 

The selection of the object and its preparation for observation depend on the 
purposes of the study. If the study has the object of defining the causes for non- 
fulfillment of the standard by workmen, a workman who does not meet the standard is 
selected. If the study has the object of ascertaining the loss of working time 
during a shift, then sections or work stations at which the greatest such losses 
have been recorded are selected. In this case, neither the workman nor his work 
station are prepared, since the photographic study should reflect the pattern of 
the usual work shift with all of its favorable and unfavorable sides. If, however, 
the photographic study is being made to investigate the experience, the establish- 
ment of standard time tables, the organization of labor within the crew, or at the 
initiative of the workman himself, then the corresponding preparation of the work- 
man and his work station are undertaken. 

The preparation for observation has the object of familiarizing the time-study 
man with the condition of the technique and organization of production at the work 
station where the photographic study: will be made. On the basis of this brief ATE, 


the observer fills out the face e (the title part) of the shift time study. 


21. 
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nem 


CEA n 


‘the observation usually begins and ends with the shift. The observation is 


the utilization of working time, increasing the relative share of operating time 


timed by stopwatch, since an accuracy of reading of not less than 0.5 min is neces- and, within the operative time itself, by decreasing the relative share of auxiliary 


M p 
sary in the photographic study. $ e time (Table 19). 


TRAER ARANDA TAO ort pon, ah mro VEI AOT LB OME IT 


All time expenditures throughout the work shift, without exception, are mea- 
Table 19 


sured and recorded on the observation log. ‘The expenditures of time are entered in 
Analysis of Balance of Working Time 


chronological order by elapsed time and in accordance with the established classifi- 


cation of time expenditures. . 
Balance of Working Time 


-— 


in min. in $ of 
Time of 
Shift 


As an example, we give in Table 17 a filled-out sheet of an individual shift 


time study, and in Table 18, the observation sheet for this chart. 


n wes. 


Category of Time 


The work-up and analysis of the data begins with the calculation of the dura- 


tion of the time expenditures and with their indexing. After this, expenditures 
6.2 


Setup-eleanout work 


with the same index are grouped to determine their total and average duration, and 
8.6 


5.9 


Operative time 


are entered in a schedule from which the data, totalled for each index, are trans- 
Servicing work station 


ferred to the summary of observations and analysis of the actual balance of working 


S Ve arii CIT US rec SE uo FOI rere re 7 


Breaks for rest and 
[| natural needs 


time. In the summary of observations all the expenditures of working time are e 


divided into two parts. The first contains the time of productive work and rest " Unproductive work 


while the second contains the time of unproductive work and breaks. 


Stoppages for causes 
not due to workman 


Within the first division, the indexes are grouped according to the principal 


Losses due to workman 


parts of the calculated standard time: setup and cleanout time, primary and auxil- 


iary time and time for servicing, rest, and natural needs. For each type of time, 


Total 1,80 100 480 100 


. the sum of the actually expended time and the sum of the time assigned by the 


standard are shown. ` i g From the data of the analysis of the shift time study, the working organiza- 


Within the second division, the indices and time are grouped according to tional technical measures are worked out to improve labor productivity. For in- 


types of loss: time of unproductive work, time of breaks not due to workman, and stance, if an analysis shows that the workman uses much time in procuring the tools, 


time of breaks due to workman. 


EDIE TG Vin ARES Gn itae P iru e et Bo TI On rap Apt] VY tel proi en rie SD A RIGE 


the work of the tool room must be improved. For each form of unproductive or low- 


The analysis of the data of the photographic study consists in identifying the productive utilization of working time the labor organization bureau of the shop 


unproductive losses of working time according to their forms, causes, and share in 


indicates the concrete measures to be adopted and the deadlines by which ther Arst f 


the total time of the shift, and in setting up a balance of possible improvement in 9 


be done. The administration, Party, and labor unions systematically verify the 
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Table 21 


Observation Sheet of Individual Stopwatch Study Chart 


Type of 
Operation 
Elements 


1 | Take parts, 


transport 
and set on 
mandrel 


Take washer, 


Reference 
Points 


place nut on} Hand leaves 


mandrel and 


tighten 


Start 
rotation 


Position 
cutter and 


turn on feed 


Turn off 

‘rotation 
and shift 

support 


Screw out 
nut and 
remove 
washer 


Rotation 
of spindle 
begins 


Contact be- 
tween cutte 
and part 


End of 
turnings 


Rotation of 
support lev: 


|Removal of 


hand from 
support 
lever 


Separation 
of ring 
from 
mandrel 


Remove part |Hemoval of 
and put in [hand from 


SERS PLT ITA TRE OLEI aei a etie eda eee n 


FE 


Observation No. 


DoppH n 


Tlo,10|1,5112,87|4, 28|5,67/6,93|8,52|10,01|12,06 
Plo, 10/0, 11/0, 19/0, 11/0, 140,090, 14] 0, 11lexc! 

Tlo,35|1,78|3,10/4, 50|5,90/7,35|8,75|10,35|12,33 
Plo, 2510,2710,2310, 2410, 23] exc1.[0,23| 0,28| 0,27 


T|0,37|1,80/3,12|4,51|5,92|7,37 8, 77) 10, 37|12,35 
P|0,02/0,02/0,02] ex«.|0,02/0,02/0,02| 0,02) 0,02 


TIO, 42118413, 17/4, 55/5,95|7, 4118, 82|10, 41112, 40 
P/0,05/0,04/0,05|0,04/0,03|0,040,05| 0,04) 0,05 


— | —| L———|—— | — | ———1——i-———|———— 


TO, 87/2, 26/3 61/5, 00/6 , 39/7 ,83/9 , 27/10, 86/12 ,82 
P\0,45|0, 42/0, 44/0, 4510, 44/0, 42/0, 45] 0,45) 0,42 


— | ——— A | — | m1m | — | — | — | o 


T/0,94/2,32/3,66|5,06/6,46/|7,87|9,32]10,91]12,89 
F[0,07/0,06|0,05/0,0610,07]0,0410,05| 0,04| 0,07 


T|1,07/2,44/3,8215,196,56/7,999,44|11,05|13,00 
P10, 13/0, 12| exer,{0, 13/0, 10/0, 1210, 12] 0,14] 0,11 


T|1,35/2,71|4,08/5,47/6,78|8,27[9,89/11,51/13,27 
P/0,28/0,27/0,26/0,28/0,22/0,28| exe1.| exc1.| 0,27 
T|1,40/2,75|4,15/5,53]6,84|8,38|9,96/11,57/13,33 
P10,05/0,04/0,07/0,06| exct.|0,07]0,06| 0,06| exch. 


256 


A A [| e——— | —————| A A e a o Berea hd Erre 


Observation No. 


il 
Weight of work- 


13,44 15,14 16,46 17,82/19,19/20,48/1,61/0,12/1,55| 1,70,06| piece 500 gm; Dis- 


13, 92|15,37|16,71]18,07119, 4220, 7513, 2310, 25] 1,22| 1,7/0,24 


0,23] 0,25] 0,25! 0,23| 0,27 Screw-down distance 


of nut, 10 m 


—— | ef a | ——|JÓ————d|—Ó——d[-———i———|—|—i—— 


13,93/15,39/16,73/18,09/19, 44/20, 77/0, 26/0,02| 1,00| 2,0/0,02 
0,02) 0,02| 0,02) 0,02) 0,02 


Friction lever 


Py Po) A ed ee nl ed Ea 


13,9615, 41/16, 78/18, 1319, 49/20, 81/0,60/0,04] 1,66) 2,00,05| ning length, 
C,03| 0,02| 0,05] 0,04) 0,05] 0,04 60 m 177 rpm 


14,40|15,86/17,22/18,58|19,91|21,25|5,58/0,44| 1,07| 1,1/0,42 Pug ee 
0,44| 0,45] 0,44] 0,45] 0,42. 0,44 e pass (t = 3 aa 


—— | ec fee ee | cee | ——— | reece | em | ts | a 


14,52/15,93|17,28|18,63|19,95|21,30|0,78/0,06| 1,78] 2,010,05 
0;07| 0,06] 0,05| 0,04] 0,05 


7 ; 

14,63/16,04/17,40/18,75|20,08|21,41|1,69/0,12| 1,27| 1,7/0,06| Distance of longi- 

0,13| 0,11| 0,12) 0,12| 0,13] 0,11 i tudinal displacement 
up to 100 mm 
Unscrewing dis- 
tance 10 mm 


Weight of part 
400 gm 2 

Distance of removal 

AB 


— | f | | | a a bo Med bu ol 
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ema. 


realization of these measures. At the same time he prepares the work station. When everything has been carefully 


E 


A photographic study of the work day may be either of the individual or crew prepared, he proceeds to the stopwatch study, i.e., the observation and measurement 


type. It may be instigated either on the initiative of the administration or of the of the time consumed, sometimes making several preliminary measurements to convince 


workman. himself that the reference points have been properly selected. 


AAA 


Stopwatch time study is a method of observing and measuring the consumption of The observation and measurement of the time expenditure is made for each refer- 


operative time on an operation or on its individual elements, that recur with each ence point by means of a single- or two-hand stopwatch. The entries are made in the 


ARR 


observation sheet of the stopwatch-study chart according to elapsed time. An example 


unit of product manufactured. Table 20 gives the form for the stopwatch study card. 


eT pnto met, 


A stopwatch study is conducted to work out and correct the standard time tables of an observation sheet is given in Table 21. During the course of the observation 


atem 


PERA 


for machine-hand, hand, and auxiliary work; to study, summarize, and disseminate the the coincident, i.e., the overlapping, operational elements, must be noted. The 


experience of production innovators; to establish the time standards for hand work; number and measurements depends on the duration of the operation and the required 


and to verify and refine the time standards established in large-batch and mass- degree of accuracy of the indices expected. About the following number of observa- 


production operations. In accordance with the problem involved, a stopwatch study tions may be recommended in a continuous stopwatch study: i 


may cover the entire work process for a given operation, or only individual opera- 
tion elements or groups of elements. Length of Operation in Minutes Number of Observations 
(not less than) 
The conduct of a stopwatch study is made up of the following stages of work: 
Up to 2 0600606000000000000000000090000 
selection of the object of study, preparation for observation, observation, work-up 
From 2 to lO cocccsccccesesescscee 
and analysis of the stopwatch study data. 
From 10 to 20 0000:9090000000000000 
À stopwatch study is usually run at the work stations of experienced advanced 


From 20 to 40 46000000009 0000000000 
workmen. This is done in view of the fact that stopwatch study data are utilized 


for improving the organization of labor and for the establishment of standards. 


Before starting a stopwatch study, the standardizer or stopwatch-study man 


discusses with the advanced workman the plan of dividing the operation into opera- 


tional elements or groups of elements and the sequence of their performance, allow- 
ing for maximum possible overlapping of operational elements. The division of op- 
eration into elements is accomplished by the determination of "fixed or reference 
points", which indicate the end of one element and the beginning of the following 
element and which are used in making the measurement. The standardizer (stopwatch- 


study man) then prepares the stopwatch-study chart by filling out the title sheet. 


258 


The work-up of the stopwatch-study data begins with calculating the duration 
of the operational elements or their combination in each study series. Measurements 
showing sharp deviations from the duration of the remaining measurements are not 
used in the calculation, and the causes for such measurements are indicated in a 
special Table (see below). 

If the erroneous measurements in the series were over 15 - 20%, then such a 
stopwatch-study series is considered incorrect and the study is repeated. The time 
of all correct measurements in the series is added and the sum is divided [d the 


TAT 
number of correct measurements, giving the average duration of the given group of 


259 STAT 
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operational elements or of the individual element. The sum of the &rithmetic mean 


durations of the operational elements yields the average consumption of operative 
Stoppages, Delays, and Deviation from Normal Conditions 


Observation 
No. - 
Element Cause x T 
No. . 


Remarks 


3/7 Operator's fault - 0.16 | Held spindle, preventing 
its rotation 
, M3 Error in reading - | 0.01 
6/2 Shavings got into nut - | 0.42 
5/9 Tight removal - 0.11 
7/8 Incorrectly screwed in - 0.45 
8/8 Same - | O46 
9/1 Tight placing on mandrel - 0.49 
10/2 Shavings got into nut - 0.48 
10/6 Operator delayed - | 0.12 | Distracted 10/6 
10/9 Tight removal from mandrel | - | 0.14 
11/4 ) Error in reading c 0.02 


time. The overlapping elements are not included in the standard time. 


Besides the method of determining the time consumption by elapsed time, the 


method of measuring the time consumption by individual readings is also widely used — 


in practice.. It consists in starting the stopwatch at the instant a; given opera- 
tional element begins, and stopping the stopwatch at the time it ends, reáding off 
the time and entering it in the stopwatch-study chart, then returning the hand to 


its original position. At the time of starting the next element , the stopwatch is 


again started, etc. In this way the length of each measured operational element is 


determined -during the process of stopwatch study itself, by being directly read off 


- 260 
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the stopwatch. 

‘fhe analysis of the stopwatch-study data consists in determining the operations 
most productively performed, the possibility of having them coincide, the factors 
affecting the duration of the elements, and in working out measures allowing a re- 


duction in the duration of the operational elements. 


Section 4. Organization of Work for Establishment and Review of Standards 


For calculation of the standard time, the technologist delivers the process 
chart to the standards man. The standards man calculates the standard time and 
enters it in the process chart, then enters the standard time in the standards 
journal and returns the chart to the technologist. ` 

In view of the continuous growth of technology, the improvement of organization 
of production, and the increase in the cultural-technical level of the workman, the 
standards should be systematically reviewed. 

The enterprise director has the right, with the agreement of the plant commit- 
tee of the labor union, to replace obsolete standards by new ones for the entire 
year, as technical and technical-organizational, or economic measures ensuring the 
growth of labor productivity are introduced into production. Starting from the 
assignments for enhancement of labor productivity, raising of the average pay, and 
lowering of the production cost, the managers of the enterprises must work out cal- 
endar plans for replacing the obsolete norms of output by new, technically well- 
founded standards. 

When standards are reviewed, the piece rates are also varied. In no case must 
the review of standards be reduced to a mechanical reduction of the: existing time . 
standards. The review of standards must be based on the discovery.and utilization 
of internal reserves, on combined mechanization and better organization of labor at 
each work station. 


: STAT 
Limits of reduction of the labor cost of an article for each quarter or month 
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my be set for shops. If a proposal for the improvement of production technique or 


labor organization has come directly from an operator, the old standard is left in 


force for him for a period of six months, but the new standard is introduced for all 
other workmen doing similar work. 

Besides permanent standards, tentative standards are used in production. The 
latter are established for a period of not more than 3 months when a new article is 
put into production, when new and not thoroughly mastered forms of equipment and 
methods of processing are used, oF when tooling prescribed by the series process is 
unavailable. The technologist and the standards man may replace the tentative 
standards by permanent standards before the end of the 3-month period. 

The development of progressive standard ‘ables for labor is of great importance 
for the introduction of technically justified standards and gives assurance of the 
unity of standard times for similar work. Standard Tables accelerate the calcula- 
tion of the standard time. In aircraft building, standard time tables are compiled 
for almost all types of piecework on the aircraft. 

Today, when many casual workers and some of the permanent workmen are on a 
time-bonus and bonus stan basis, it is important to have standards for time work 
and base-pay work, in order to establish the payrolls of the enterprise in the mst 
justified manner on the basis of these standard Tables. In the aviation industry, 
methodical work is being done on technical standardization by the Council on Tech- 
nical Standardization and the Laboratory of Technical Standardization of the NIAT. 
At the leading enterprises, basic standard Table and research bureaus have been 
organized to work on the drafting of time standard Tables for the entire industrial 


branch. In aircraft building it has long since become necessary to establish single 


typical processes and standardized tooling and, on this basis, to establish single 
standard time Tables for analogous mass operations, for the manufacture of stand- 
ardized and unified parts, units, and assemblies. This will reduce the number of 


1 eries production. 
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CHAPTER VIII 


ORGANIZATION OF WAGES IN THE AIRCRAFT CONSTRUCTION ENTERPRISE 


Wages under socialism represent that part of the social product, expressed in 
monetary form, which is intended for the personal consumption by the workman or 
employee in accordance with the quantity and quality of his work. 

Wages in the USSR are a means of control over the measure of labor and the * 
measure of consumption. This control is exercised by the State by means of a con- 
scious utilization of the law of values. A relationship is established between the 
quantity and quality of the work performed by the worker to produce a definite prod- 
uct and the quantity and quality of material goods and services, which thes worker 
acquires for his wages. 'A correct organization of the wage system presupposes ac- 
curacy and comparability of the measure of labor and the measure of consumption. 

As the national income and the productivity of social labor increase, the 


Soviet State unswervingly increases the monetary and real wages of the worker and 


employees. 


Section l. Regulation of Wages and the Tariff or Wage-Scale System 


In the regulation of wages, the Soviet State is guided by the demands of the 
economic law of distribution according to work. Ina given enterprise, this finds 
its expression in the payment of labor and in the establishment ‘of the amount paid 


z STAT 
in accordance with labor productivity, qualifications, conditions of performace ,. 
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responsibility, and social importance of that labor. 


: In the interests of constant increase of the national income, of the realiza- 


‘tion of expanded socialist reproduction and the assurance of stable, planned in- 
crease in real wages, it is necessary that the growth of labor productivity always 
precedes an increase in wages. 

| _ Thus the directives of the 20th Congress of the Communist Party USSR prescribe 
| a further increase in the real wages of workers and employees during the sixth 
Five-Year Plan by about 30%, with an average increase in labor productivity of not 


less than 50% and a growth of the national income by about 60%. 


of wage scales and qualifications are used. 

A wage scale includes the categories of qualification of work and their cor- 
responding factors. The wage scale determines the relations between the pay rates 
for the various categories of labor, according to the conditions of labor, the meth- 
ods by which it is performed, and its complexity. 


Various wage scales are applied for the workmen of the hot and cold shops, de- 


pending on the working conditions. 


| 

i 

In establishing the wages of workmen, wage scales, base-pay rates, and manuals 
| 

| 

| 

I 

| Work that is difficult or performed under ad- 
| verse conditions, is paid more highly. 

| Work directly affecting the quantity and quality of the output taken into ac- 
| count is paid at a higher rate than work whose results are measured merely by the 
i 


amount of time spent. According to the method of performing the work, various wage 


scales are in effect for piece workers and for time workers. Within each wage 
scale the complexity of the labor, i.e., its qualification, is determined by the 
.work categories. Qualified labor, being labor of higher grade and producing greater 
value in unit time, is paid higher than labor of lower skill. 

The variety in the current wage scales applicable at enterprises constitutes a 
serious shortcoming. As an example, Table 22 gives the wage scale of one machine- 


building enterprise. 
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At the end of 1956, at a number of enterprises, a new unified wage scale was 


introduced as an experiment. It provided for the following increase in the scale 


o 


factor by work categories: 


l 


Factor 


The tees of work indicates the complexity of the work and the need of 
qualification of the workman to perform it. The qualification of a workman is 
characterized by the following criteria: amount of knowledge and productive know- 
how necessary to perform the work of the given category; complexity of the process 
and equipment; precision or degree of perfection of the work being performed; degree 
of responsibility for the work or for the integrity of the equipment; degree of in- 
dependence of work. At aircraft enterprises, all workmen and all the work performed 
by them are divided into eight categories. Each category has its own corresponding 


scale factor, which determines the ratio between the wages of workmen of different 


repo and qualifications. This ratio permits avoiding a general equalization 
of wages and stimulates the growth of the qualifications of workmen. The first 
category provides for work needing no qualification whatever for its performance. 
The demands on the qualifications of the workman thereafter increase constantly 
The eighth category is for the most complex work and 


The 


from category to category. 
defines the highest skill. The scale factor for the first category is unity. 
scale factors increase with the category. 

The category is assigned to a newly employed workman by, the foreman or, with 
his participation, by the rating commission of the OPK, based on an accepted sample 


of work and the results of two weeks work. 


The wage scale determine the amount of the wages of a workman of a given cate- 
STAT 


gory for unit working time, one hour. 


e 


The wage scale is obtained by multiplying the category of work by the scale 
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279.00 
314.60 
40 


250.60 


3| 357.40 
9| 454.40 
4| 525.60 
8| 601.20 


9| 397 


, 
, 
3, 
L] 


1.67,1 
1.86 
2.09,7 
2.64, 


2 |2.38 
7 |3.02 
3 |3.50 


5 | 4.00 


1.43,2 
1.59,4 
1.79,8 
2.04, 
2.27,1 
2.59, 
3.00, 


3.48, 


¡1 
"i 
6 


1.25,3 
1.39,5 
1.57,3 
2.27,2 


2.62,8 


43) 1.78 
59| 1.98 


4| 3.00 


1,0 
1,11 
1,26 
l, 
l, 
1,81 
2,1 
2, 


292.20 
329.00 
375.00 
420.40 
484.80 
558.40 
640.6) 
741.20 


1.94,8 
2.19,3 
2.50 

2.80,3 
3.23,2 
3.72,3 
4.27,1 
4.94,1 


fable 22 


1.67 
1.88 
2.14,3 
2.40,18 
2.77 
3.19,1 
3.66,1 
4.23,5 


1.46,1 
1.64,5 
1.87,5 
2.10,2 
2.42,4 
2.79,2 
3.20,3 
3.70,6 


e) Monthly rate for 25 working days; f) Time workers 


268.20 
340.20. 
388.20 
434.40 
498.40 
578.40 
664.60 


300.20 


Wage Scale of Workman Introduced on 16 September 1916* 


1.78,8 
2.00,1 
2.26,8 
2.58,8 
2.89,6 
3.32,3 
3.85,6 


4.43,1 


b) Factor; c) Piece workers; d) Hourly rates in rubles and kopeks for a work shift 


1.53,3 
1.71,5 
1.94,4 
2.21,8 
2.48,2 
2.84,8 
3.30,5 
3.79,8 


lasting, respectively; 


,1 
1 
2 
2 
2 
E 


1.34,1 


1.50,1 


*The wage scale given in this Table is obsolete and does not correspond to the actual 


earnings of workmen today. 


27| 1.70 
45| 1.94 
62| 2.17 
86| 2.49 
16| 2.89 
48| 3.32 
a) Category 


1,12 


1,0 


l, 
l, 
l, 
l, 
2, 
2, 


1 
2 
3 
4 
5 
7 
8 
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factor of that category. 


fhe following are the wage rates of the first category for the newly introduced 


experimental wage scale: 


Category of For Cold For Work under 
Workman Work Work Work Particularly 
Difficult Con- 


ditions 


Piece workers | lr. 78 ke. 2 r. 10 ko 2 r. 10 ke 


Time workers l re 62 ke | Lr. 78 ke 2 r. 10k. 


The experimental wage scale and the new wage rates, in combination with tech- 
nically justified time standards and output standards, have lifted the share of the 
base pay to 75 - 80% of the earnings of a workman and have eliminated the lag of 
the base pay behind the increasing actual earnings of workmen. 

The directives of the 20th Congress of the Communist Party on the development 
of the national economy in the sixth Five-Year Plan state the following: 

"For the purpose of the most rapid elimination of shortcomings in the organiza- 
tion of labor and wages and the intensification of personal material incentive of 
the workers in the results of their labor: 

Assure the widespread introduction into production of technically justified 
output standards corresponding to the present level of technology and organization 
of industry; 

Increase the share of the base pay in the earnings of workmen and establish 
the correct relations in the level of the base pay with respect to the individual 


industrial branches and trades, taking account of the qualifications of workmen and 


the establishment of wage differentials in favor of workmen occupied in heavy work 


and in hot shops; 


Introduce order in the wages of individual. categories of engineering-technical 


personnel and employees; liquidate the multiplicity of systems and the discS/Alicies 


in the conditions of wages of the engineering-technical workers and employees; 
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forms in turn include several different systems. 


Enhance the role of bonus pay in the stimulation of introduction of new tech- 


‘nique, of the role of labor productivity, and of the reduction of production cost" The wage system used in aviation enterprises is based on the principle of ma- 


e 


terial incentive to good workers. 


(Bib1.23). 
assignment of work and workmen to a definite category, and is compiled for each makes it possible for each workman to increase his earnings. It encourages the 


i 
\ 
| 
i The manual of wage scales and qualifications is the basic authority for the The piecework form of payment stimulates the growth of labor productivity and 
k 
| 
É 
i 


branch of industry. It contains, in a systematized order for each trade, specialty workman to raise his cultural and technical level and qualifications, favors the 
| and category, the respective qualification characteristics. development of his creative initiative and interests him materially in the more 
the qualification characteristic, for each specialty and category, determines : complete utilization of the equipment and working time. 

* the content of the work, the level of knowledge and know-how, necessary to perform The piecework form should be used in production wherever the time standard and 
the work, and contains examples of work typical for each category. It assumes the output standard can be established.  Technically justified standards are the founda- 
workmants obligatory knowledge of the rules and means of safety procedure and of the tion of a piecework-wage system. Several systems of piecework wages are used. 
forms of spoilage, their causes, and the methods of eliminating them. Direct Unlimited Individual Piecework Wages. In this system of piecework pay- 

The manual of wage scales and qualifications is used as a guide in establishing ment, each unit of article is paid for at the same rate, and the amount of wages of 
the category of a newly employed workman and in transferring a workman from one the piece worker depends on the amount of output, the category and the hourly base 


pay. The system is called direct since it increases the earnings of the workman in 


category to another. 


e 
v 


The introduction of a new technique is accompanied by the appearance of new direct proportion to the amount of output. It is called unlimited because there are 
trades and specialties and by the merging of trades. ‘The corresponding revisions no limits, in the USSR, to the amount of the piecework earnings of a workman. This 
must therefore be made periodically in the manuals of wage scales and qualifications. system of wages is called individual because in it the work of a single workman is 

A substantial shortcoming of the existing manuals of wage scales and qualifica- the object of standardization and payment. 
tions is, in the first place, the low demands on the workers with respect to their The output standard per shift is defined by the formula: 


knowledge of a new technique and, secondly, the excessively narrow specialization 


T, 
N= A 


of the workmen. f Toe calc. 


Wage scales and base rates are approved by the Council of Ministers USSR on T 
where T,n is the time of a shift in minutes; 


recommendation by the trade unions and economic agencies. Manuals of wage scales 


i Tpw.calc is the piecework-calculated standard time per unit of finished 


and qualifications are also worked out with the participation of the trade unions. 


article y in minutes. 


Section 2. Forms and Systems of Wages The rate per unit of work (one operation, one article) is calculated by the 
formula STAT 


Two forms of wages are used in socialist industry: piecework and time. Both T» di 
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where p is the rate in kopeks; 
How is the hourly base pay of a first-category piece worker, in kopeks; 
k is the rate factor of the work category according to the wage scale. 

Pleceworke rates are calculated by category of work, not by category of the 
workman who is to perform the standardized work. 

In practical work, Tables are usually compiled to establish the rates and 
earnings, and these Tables serve as the guide in wage payment. 

To increase the material incentive of the workman in multiple machine tending, 
a scale with progressive supplements must be used for workers who by their own ini- 
tiative have agreed to tend a larger number of machines than provided by the stand- 
ard. 

Direct unlimited crew piecework wages are used where the combined work of sev- 
eral workers, operating as a crew, must be used because of production conditions, 
and where the individual output standard of each crew member cannot be taken into 
account, The standard time and the standard outputs are established for the crew 
as a whole. l l 

The piecework rate of a' crew is determined by the category of the work covered 

„by the work order to the crew and by the standard time established for such work. 
`- The earnings of .the crew are distributed between its members in accordance with 
their qualifications (categories) and the time worked by each of them. A substan- 
tial shortcoming of the crew form of wage payment is the fact that the individual 
output ‘of each worker of the crew is not taken into account. The technical stand- 
du iizstdon 'of crew work determines the duration of the standardized productive op- 
eration as well as the standard number and qualifications of the crew members. On 


the basis of these data, the crew rate per unit work is calculated by the following 


270. 


: 
| 
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formula: 


where How is the hourly piecework rate for a worker of the first category; 

k is the scale factor of the different category per workman, required with 

a normal makeup of the crew; 

P is the number of workmen of the respective categories. 

the calculation of the distribution of the total earnings of a crew between 
its members will be clear from the following example. 

Example. A crew was instructed to assemble 80 units. For this work, the 
technical time standard of assembling a unit was established at 2 hours, the assem- 


27 oo = |, workmen, 


bly cycle at 30 minutes, the standard composition of the crew 
including one of category 6 (hourly base pay 2 rubles 79 kopeks), one of category 5 

(hourly base pay 2 rubles 42 kopeks) and two of category 4 (hourly base pay 2 rubles 
10 kopeks). ! 

The crew rate for each unit is: . 

p= = (279 x 1+ 242 x 1 + 210 x 2) = 471 kopeks. The total wage fund 
is 80 x 4 rubles 71 kopeks = 376 rubles 80 kopeks. ‘The workmen of the crew perform 
this assignment by working, not 160 hrs (80 x 2) as provided by the standard E 
but 136 hrs, i.e., thes overfulfill the standard by 17%. ‘ihe category of each crew 
member, the number of hours worked by him, and the corresponding earnings will be 
clear from the Table given below. 

The piecework-progressive system of payment stimulates the growth of labor 
productivity and is introduced into work on start-up of a new technique, new forms 
of articles produced, and new processes. In the piecework-progressive system of 
wages, the work performed, within the limits of a technically justified standard, is 


; TAT 
paid according to the normal piecework rate, while the output above the al is 
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paid for at an increased rate which rises proportionally or progressively. In pay- 


ment for work performed according to the experience-statistical standards, the out- 


put attained by a qualified workman of the corresponding category is considered the 


standard output. ‘the enterprise pays the progressive rates on the basis of savings 


Ivanov 


17 18—70 130—38 

Petrov 17 12—83 89—40 
Sergeyev 17 14—08 98—16 
Antonov 24 50—45 17 8—41 58—86 
136 | 322—78 | 17 | 64—02 | 376—80 


a) Name of workman; b) Category; c) Number of hours worked; d) Wages ac- 
cording to tariff for time worked, in rubles and kopeks; e) Payment for 


time saved; f) in rubles and kopeks; g) Actual pay in rubles and kopeks 


produced by the growth of labor productivity, as a result of the application of the 
progressive wage system. The settlement with workmen, put on a piecework- 
progressive wage basis, is made according to the results of their work for the 
month. In this case, the time see worked includes the reported time, figured 
by the time-card, with the addition of overtime work. The time-card time does not 
include the whole-shift delays due to no fault of the workman, the whole-shift iene 
“of piece workers on time payment, excused time for nursing and infant care for the 
period established by law, lost working time due to routine preventive maintenance 
of the equipment, and to cleaning and lubrication of the equipment. 


t 


In the piecework-premium system of wages*, the workman receives payment for his 


"(For footnote, see next page) 


212 
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output by the piecework rate and a bonus for performing the shift assignment or for 
meeting other economic indexes, provided he meets the monthly standard output. “his 
system encourages the performance of the output standard and the saving in material, 
tools, power, and other tangible values. 

On introduction of the piecework-progressive and piecework premium forms of 
wage payment, the economic effect of these measures must first be carefully calcu- 
lated so as not to overexpend the wage fund. 

The time-wage payment provides for the payment to a worker of the base pay for 
the time worked by him. In order to give the workmen an interest in the results of 
their work, the time pay is supplemented by bonuses established for fulfillment of 
the shift assignment and for attaining better work indices. 

At present, those members of the auxiliary and primary labor force for whom 
the piecework form of wages was artificially employed, and also in cases where the 
piecework system lowers the quality of the work, are now being transferred to the 
time-bonus system. The maintenance workers assigned for the day, machine setters, 
workmen in heat-treatment shops, coating shops and others, are transferred to the 
time-bonus system. When there are technically justified standards and correctly 
established shift assignments, it is expedient to transfer a considerably larger 
number of primary and auxiliary workmen to the time-bonus system. This would in- 
crease the rhythmic nature of the process and save documentation. 

System of Position Rates. ‘he pay of engineering-technical workers, employees, 
and certain groups of workmen is regulated by the category of the enterprise and by 
the position rates. Among the workmen, the inspectors, distributors, stockroom 
clerks, material and tool assigners, laboratory workers, and certain others have 


been given position rates. 


*qhe extent of, and procedure for, the payment of bonuses for the primary and aux- 
iliary workers, employees and engineering-technical workers of aircraft consta cion 


plants is governed by special regulations. 


273 STAT 


The number of engineering-technical workers and employees of an enterprise is 


` regulated by the Organization Chart, indicating the positions of each organizational 


unit of the shop and enterprise, the number of workers in each position, and the 
salary established for them. 

The director does not have the right to exceed the limits of the Organization 
Chart and of the wage fund established for the enterprise. 

The salaries of the engineering-technical workers of the Vevelopment Design 
Office and research institutes is 25% higher than the salary of the corresponding 
workers of series plants. The salaries for the positions have a minimum and mxi- 
mum and are established in accordance with the knowledge, experience, and responsi- 
bility of the worker. Shop and department superintendents, in setting the salaries 
of the engineering-technical workers and employees, cannot go beyond the limits of 
the average salary established for a given group of workers. 

Bonuses are paid to the management personnel, engineering-technical workers, 
and employees of enterprises on the basis of the regulations on bonus payments ap- 
proved by the Council of Ministers USSR. 

The personnel of the plant administrations are paid bonuses for the introduc- 
tion of new technology, and for fulfillment and overfulfillment by the enterprise 
of the monthly plan on-commercial production, provided that the plan for growth of 
production, for reduction of production cost, for output of the assigned list of 
principal articles, and for subcontract deliveries is also fulfilled. 


The personnel of the primary and auxiliary shops are paid bonuses for the in- 


. troduction of new technology and for fulfillment of the assignments on production 


volume , production list, and reduction of production cost. 

The amounts of the bonus for the introduction of a new technique depends on 
the economic effectiveness of this technique. 

The amounts of the bonuses to the director, chief engineer, assistant director, 


and chief accountant are approved by the head of the administration to which the 
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enterprise is subordinated. The bonuses to the other personnel are approved by the l 


plant director. ‘fhe payment of bonuses to workers may be limited or annulled by the 
director or shop superintendent for negligence in work, for instance, for failure to 
maintain a rhythmic output of product. 

A fault of the existing system of bonuses to the engineering-technical workers 
is the slight material interest they provide in the rapid rate of growth of labor 
productivity, in the complete utilization of the existing productive capacity of the 


shops, and in the reduction of the shop production costs. 


Section 3. Bonus Payments to the Collectives of Enterprises and the Enterprise Fund 


The collectives of enterprises are paid bonuses for the best indices attained 
in the All-Union socialist competition. Three categories of monetary bonuses have 


been established. These are awarded quarterly. Such bonuses are paid to an enter- 


prise for over-plan profits and are distributed as follows: 30 - 40% of the total 
amount of the bonus is spent on cultural and welfare measures, while the remaining 
70 - 60% is used to pay bonuses to workmen, engineering-technical workers, and em- 
ployees. Not less than half of the individual bonus fund is expended on bonuses to 
workmen. 

The enterprise fund is established to. encourage the profitable operation of the 
collective of the enterprise. Into this fund are paid 2% of the Plan profit 
and 30% of the excess Plan profit, provided the enterprise fulfills the Plan in out- 
put, product list, and production cost. Of this fund, the director has the right 
to spend 50% on expansion of production, construction, and housing maintenance, as 
well as on excess Plan capital investments, and the remaining 50% on the award of: 
benefits and individual bonuses. The estimate for the utilization of the fund is - 


agreed on between the director of the enterprise and the plant committee of the 


Jabor union. 
STAT 
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^ Section le Documents for Wages and Procedure for their Formalization 


The documents on which the wage settlements with workmen and employees are 
formalized are as follows: for piece workers, the work order, the flow sheet- 
invoice, the shift report of the inspector on the product accepted, the dead-time 
and overtime sheets and the time card; for time workers, engineering-technical. work- 
ers, etc., the time card showing the days and hours worked during the month. 

' The foreman giving out work to the piece worker is obligated at the same time 
to issue for it a formalized work order or a document replacing it, from which the 
workman learns the conditions of the work, i.e., the title of the work, its cate- 
gory, and quantity, the standard time, and the rates per piece and per entire job. 

The acceptor (inspector), in accepting the product from the workman, checks 
the existence of a work order for it, or of a document replacing the work order. On 
the work order, the acceptor notes the amount of product delivered and the number of 
products accepted. ‘the amount of product missing by comparison with that indicated 
on the work order is charged by the inspector to the workman's account. The work 
order and the stub for it are verified by signature and stamp of the inspector and 
are then turned over to the foreman. The foreman, after verifying the work order, 


gives the workman the stub of the work order for calculation of his pay, and de- 


l livers the original work order (or the original document replacing it) to the 


production-dispatcher bureau of the shop, to which the receipt and issue of the work 
orders are accounted for in series. 

The sarang of the work orders is concentrated in the production-dispatcher!s 
bureau of the shop. The order-clerk of the bureau, on the basis of the standards 
and rates in the summary schedule or in the flow charts, copies out the work orders 
in series with respect to all the operations shown. on it. The work orders so filled 


out are verified by the superintendent of the production-dispatcher bureau and are 


posted to the personal account or account card of the foreman. The foreman receipts 


à 
H 
H 

| 
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for the receipt of the work orders from the bureau and for their return. The 
production-dispatcher bureau forwards the work orders, formalized and accepted from 


the foreman, to the shop accounting office, which in turn forwards them to the 


' machine-accounting station. The correctness of the work orders so filled in, and of 


the standards and rates shown in them, is checked by the bureau of labor organiza- 
tion of the shop. The timely issuance of the work orders to the workmn, and the 


daily return of the formalized work orders, ensures timely accounting for the output 


'and uniform loading of the machine-accounting station of the enterprise. 


Section 5. Some Rules of Wage Payment 


Periodic Payment of Wages. Permanent workers of the plant are paid wages twice 
a month on the exact dates fixed by the collective contract. 

Persons paid under the salary system receive their wages in equal parts. Work- 
men under the piecework system of payment receive an advance on account of wages for 
the first half of the months worked in the amount of 50$ of the base pay, and in the 
second payment the entire amount earned during the past month, after deduction of 
the advance already received. Payment for time work and individual work is made 
immediately after it is performed. Wages are paid during.nonworking time. 

The State wage tax is withheld from the pay of workmen, engineering-technical 
Workers and employees, and amounts may also be withheld for advances made, garnish- 
eeing, to recover losses suffered by the enterprise, compensation for value of prop- 
erty issued and not returned (including spoiled articles and materials). The total 
withholdings cannot exceed 50% of the wages (except for alimony). 

Payment for Dead Time. During dead time, due to the fault of the workman, no 
wages are paid. The workman must immediately advise the administration of the be- 
ginning of dead time, or of causes that may result in stoppage. The administration 
is obligated to eliminate the causes resulting in stoppage, and if they are unavoid- 


STAT 
able, it must shift the worker to other work. 
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If the workman has not been responsible for the stoppage, or in the case of 

. impossibility of shifting the workman to other work, the wages during the stoppage 
are paid in the amount of 50% of the base pay of a time worker. While new articles 
are being put into production, stoppages not the fault of the workman are paid during 
the first three months, to the extent of the full base pay of a time worker of the 
corresponding category. l 

When qualified workmen (of category 5 or over) are transferred to piecework of 
a lower category on account of a stoppage, payment is made according to the previous 
average earnings, provided the standard is met in the new work. 

Payment for Overtime. Work performed by workmen or employees, on the direct 
disposition or with the knowledge of the administration, after completion or before 
beginning of the normal working day established for the enterprise, is considered 
overtime work. Overtime work performed by workers without the agreement and knowl- 
edge of the administration is not subject to payment. 

Overtime work should be used only under urgent and extraordinary circumstances. 

Overtime work by time workers is paid for on the basis of time and a half for 
the first two hours of overtime, and on the basis of double time for the following 
hours. . 

| Overtime by piece workers is paid for at the normal piecework rate, with a 
supplement of 50% of the hourly base pay for time workers of the corresponding 
categories for the first two hours of overtime and of the full base rate of such 
time workers for all additional hours. 

A worker with an unstandardized working day does not receive supplementary pay 
for overtime work. He is given additional leave for a period not more than 12 days 
to compensate him for the extra load in the overtime. 

For work on ine weekly rest day, a worker must be given a different day off. 


Substitution of' monetary compensation or an increase of regular leave in compensa- 


tion for the weekly day off is forbidden. 
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Payment for Spoiled Work. No payment is made for work spoiled through the 


fault of the workman, if the work is a complete loss. In the case of partial spoil- 


3 age, the workman is paid at a reduced rate established by the administration, but 


not more than half the base pay of the worker in question for time work. Work 
spoiled through no fault of the worker is paid for at the rate of 2/3 of the base 
pay of a time worker of the corresponding category if the product is a complete 
loss. If the spoilage occurred as a result of poor quality of the material being 
processed, detected after not less than one working day was spent on the processing 
or assembly of the part, the work done will be paid for at the normal piecework 
rate. The worker is obligated to advise the administration immediately of all cases 
where he finds that the product produced by him is spoiled. If, however, he has not 
advised the administration of this or has continued the work in violation of an 
order to stop it, then the subsequent spoiled work is not paid for at all, and a 
deduction is made for the spoiled material. During the period of running-in a new 
product (for a maximum of three months) spoiled work will be paid for at the base 
rate for a time worker of the corresponding category. 

Responsibility for Property. Workmen and employees are partially responsible 
to the enterprise for damage caused by them (to the extent of not more than 2/3 of 
their base pay or salary), if the damage was caused by carelessness in work or by 
violation of the instructions and specifications. The worker has the right to com- 
plain to the KTS about such withholding or about its amount. 

Workers and employees bear complete material responsibility to the enterprise 
for damage caused by them if the criteria of acts punishable by the criminal code. 
are present in the actions of the worker, if there is a special contract providing 
for full material responsibility, or if there are special laws establishing in- 


creased material responsibility for a given category of workers. In these cases, 


the question of damage is decided by the court. 


N . STAT 
Persons temporarily released from primary pro- 


e Payment on Average Earnings. 
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duction work to perform State and social obligations, are paid for the time of per- 
Vioiminte of thesë obligations and for the travel time according to their average 
earnings, including in such average earnings all forms of regularly received addi- 
tional compensation , and excluding all forms of one-time compensation. 

When 12 or more days are paid for, the average earnings are calculated from the 
wages for the last three calendar months; when less than 12 such days are paid for, 
the average earnings are calculated according to the data for the last calendar 
month. 

Vacation Pay. Every workman and employee of a socialist enterprise receives 
a regular vacation of 12 working days after each 11 months of continuous work. 
Minors (age up to 16 years) receive a regular vacation of 2l days. Persons working 
under adverse or dangerous conditions receive additional vacations of 6, 12, and 18 
days. Payment for the vacation time is made on the basis of the average earnings, 
which includes the base pay, the regularly received additional compensation, and 

such irregularly paid sums as additional payments for night and overtime work, sup- 
plements for long service, payment for stoppage, payment for the time of performance 
of State and social obligations, and benefits for temporary disability. The re- 
maining forms of compensation are not taken into consideration in calculating the 
average earnings. -The average daily earnings are determined by dividing the average 
monthly earnings by 25.5 days. The average earnings in vacation pay are calculated 
from the data of the wages for the 12 months preceding the vacation. 
Pay for Substituting in a Different Position. The difference in salaries on 
replacement of temporarily absent workers during the period of leave, illness, or 
other duty assignments is made only when the replacement lasts more than 12 days, 
and provided the person serving as substitute is not the deputy or assistant of the 
absent person. The substitute service must be formalized by an order before be- 


ginning oi the actual replacement. 


Pay for Instruction of Workmen. For individual and crew instruction of new 


0 


workmen, qualified workmen and instructors receive up to 70 rubles a month for each 
pupil with individual instruction, and up to 15 rubles for crew instruction. On 
completion of the training of each pupil during the established time, the workman 
who has trained him receives a bonus of 50 rubles. 

Supplementary Pay on Deviation from Normal Work Conditions. In cases where the 
work differs from the established normal specifications and therefore demands addi- 
tional working time, special supplementary pay forms are made out for payment of 
this time, indicating the reasons for the departure from the established standards 
and those responsible, for whose account the additional payment must be made. On 
deviation from normal conditions, the time lost by workmen is paid to him according 
to the base pay for a time worker. The accounting and analysis of supplementary 
payment is important for the elimination of abnormalities in the operation of the 
shop. 

Supplementary Pay for Crew Work. Workmen doing primary work and at the same 
time supervising a group or crew consisting of not less than two persons are paid 
at a rate one category above the base pay received for the primary work. 

Supplementary Pay for Long Service. With the object of attaching the cadres 
to the enterprise and to encourage their long-range work, the State has established 
for the industrial group of aircraft-plant workers, a material compensation. for 
long service with satisfactory work. Payment to workmen for -long service begins 
after 30 years of satisfactory service at the enterprise, and Lo engineering and 
technical workers and employees after five years of titi service, and is 
made annually at the end of the year. 

With increasing period of satisfactory and continuous work at a single enter- 
prise, the amount of the compensation for long service is increased. 

Control over correct calculation of wages is vested in the shop committee of. 
the labor union and control over correct utilization of the labor funds, in the lo- 


cal office of the State Bank USSR and its superior agency or enterprise. SAT 
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PART THREE 


` (TECHNICAL PROGRESS AND ORGANIZA'TION OF THE TECHNICAL PREPARATION 
OF PRODUCTION AT THE AIRCRAFT CONSTRUCTION ENTERPRISE 


Technical progress is a regularity in the development of socialist enterprise. 
The primary trends of the technical progress of socialist machine-building enter- 
ices are the creation and’ production of machines of improved design and the com- 
bined mechanization, automation, electrification, and chemization of the production 
processes. 

There is an immense difference in the application of a new technique at social- 
ist and capitalist enterprises. 

In socialist production, the mchine lightens the work while in capitalist pro- 
duction it increases the intensity of labor. Ih socialist production, the use of 
machines marks a victory of man over the forces of nature, while in capitalist pro- 


duction, it means the enslavement of man by the forces of nature. In socialist pro- 


duction, mants use of machines increases the wealth of the producer, while in capi- 


» talist production it impoverishes him. In bourgeois society the machine serves as 


a tool of exploitation and is introduced into. production only when it increases the 
profits of the capitalists. ' The technological progress of a capitalist enterprise 
is therefore directed against the workmen, leads to a reduction in their wages, to 
an elimination of workmen from production, and to the growth of unemployment. 
V.I.Lenin said: "Progress in technology and science in the capitalist society 
means progress in the art of exacting sweat" (Bibl.21). 

The socialist production is- based on higher technology and on the work of work- 
ers free from exploitation. At a socialist enterprise, the introduction of the new 
technique favors the growth of labor productivity and the increase in production, 


releases great masses of workmen from heavy and tedious work, accelerates the en- 
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hancement of their cultural-technical level and their material well-being. For this 


reason, machines are used in socialist production in all cases where they save so- 
cial labor. The socialist system of economy opens up boundless and extensive vistas 
for application of the new technology. 

In the aircraft industry, technical progress proceeds at a particularly rapid 
pace. Aircraft are continuously being improved, together with the means and methods 
of their manufacture. 

Under these conditions, to —— the output of high-grade aircraft in numbers 
satisfying the needs of the national econony and of the national defense, it is 
necessary to have specialized enterprises endowed with great and highly differen- 
tiated technological and design bureaus and tool shops ensuring a high level of 
tooling and flexibility of the primary production, in order to make rapid change- 
overs from the production of an aircraft of one design to the production of a dif- 
ferent aircraft; it is also necessary to have qualified cadres with experience of 
work under the conditions of frequent modification and change of the object of pro- 
duction. 

The intense increase in the complexity of the designs of modern aircraft, on 
the one hand, and the lag in the technology of aircraft building behind the race of 
development of aircraft designing, on the other hand, have led to high labor cost 
and high production cost of aircraft. ‘he most important problem of agencies for 
the technical preparation and tooling up of aircraft construction enterprises is to 
&ttain high rates of technical progress, to reduce the present labor cost of air- 
craft manufacture by a factor of several times. i i 

One of the primary tasks of the development enterprise is to create aircraft 
whose designs most fully meet the demands of progressive technology and the advanced 
forms of organization of series production. 

At a series enterprise as wide T possible an application of new sie 


and new methods of production organization is of high importance, to allow the pu l 
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'signer in designing aircraft to orient himself toward more highly developed imple- 


ments of production and to ensure the rapid growth of labor productivity. 


e 


The economic effectiveness of technical progress is more fully manifested when e 
complete interrelation is attained between the designing of aircraft and the tech- 
nology and organization of production. 


The primary paths of technical progress, ensuring effective growth of labor 


CHAPTER IX 
productivity, increase in output and improvement of its quality, have been pointed 
out by the 20% Congress of the Communist Party USSR. ORGANIZATION OF PREPARATION OF DEVELOPMENT PRODUCTION 
It is necessary to reduce the relative consumption of metal by improving the 
designs of machines, to expand the use of alloy and low-alloy steels, of light al- Section 1. Principal Stages of the Process of Aircraft Designing 


loys and plastics, of economical rolled profiles, precision castings, and stampings. 
A development aircraft enterprise is intended for the creation, in short per- 
Measures should be taken on a large scale, to increase the technical level of 
iods and with minimum expense, of aircraft of the latest designs with high techni- 
production on the basis of further development of electrification, combined mech- 
cal~ tactical, operating, and technological characteristics. 
anization and automation, introduction of the latest high-productivity equipment 
Continuous improvement and development of these characteristics in aircraft 
- and advanced technology, wide replacement of obsolete equipment, serious improvement E 
o i e design is the primary task of a development enterprise. The designer, by proper se- 
in utilization of the existing equipment and mechanisms, and lowering of the labor 
lection of materials, shapes, and sizes of parts and units, by their standardization 
cost to the level of the best achievements of industry in the USSR and abroad.. 
and unification, by designs with whole assemblies and panels, and by improving the 


other charactersitics of the aircraft,lays the basis for profitable series production. 


The main criteria of the high technological value of a given design are the 
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materials cost, labor cost, and total production cost of the aircraft. Each new 
aircraft design will be at a higher technological level if the consumption of ma- 


terials, labor, and funds per kg of basic weight are lower than in the preceding de- 


sign of an aircraft of one and the same class. 

The work of a development enterprise consists in designing new aircraft for 
! modification of aircraft already in series production, in tooling up and preparing 
the ipsis iss of the development.enterprise to produce new or modified aircraft; 


1 in the manufacture, testing and refinement of the aircraft prototype; and STAT? 


© | e transfer of its technical documentation to the series enterprise. 
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The Technical Assignment. The work on the planning of an aircraft design be- 
gins with the study of the technical assignment or specifications worked out by the 
purchaser or by the development design office (OKB). The specifications give the 
tactical-technical, operating, and productive specifications for the aircraft. They 
relate to the purpose.of the aircraft, tasks and conditions of its operation, load- 
carrying capacity, type and power of the engine, performance data, interchangeabil- 


ity, and other indices. The technical assignment indicates the tactical-technical 
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requirements that must first be met. For instance, the document may state that the 


designer!s attention is to be centered primarily on attainment of maximum speed and 


rate of climb of the aircraft or, on the other hand, that the requirements with 


respect to the range and load-carrying capacity of the aircraft must be met first. 
The specifications for the aircraft is issued to the general plans team together 
with the instructions by the chief designer on the schematic of the aircraft design 
and on its initial data. The work on the designing of the aircraft begins with the 


preliminary layout drawing. 


BOY NETL DE inne e ae 


The preliminary layout drawing contains, in first approximation, all calcula- 
tions, determines the shapes, dimensions, and schematic of the aircraft, and indi- 


cates the degree of fulfillment of the assigned tactical-technical requirements. 


ec an vo GAEL EA PRATS 


The general plans team is the leading unit in making up the preliminary layout 
drawing, and its initial data are used as basis by the computing teams and the loft- 
ing and mockup shops. 


At the beginning of making the preliminary layout drawing, the primary dimen- 


sions of the aircraft, its weight, wing area, and planform are determined. If these 
"initial data are indicated in the specifications, it will become necessary, within 
the assigned limits, to define the optimum version of the aircraft design. For this 


purpose, the general plans team or the technical information group makes a selection 


among aircraft of the same type, studies and works up statistical data on whose basis 


the characteristics of aircraft of analogous class and type are compiled. These 
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characteristics are taken into account by the OKB teams in calculating the aircraft 
version to be designed. The search for the optimum version of the aircraft most 
fully meeting the technical assignment is conducted simultaneously and jointly by 
the leading workers of the designing group, the weight group, and the aerodynamic 
team. Of the aircraft versions set up by them, the best is selected. 

The search for the optimum version begins with the planning of the aircraft 
layout and the drafting of the final layout drawings and the general plan drawings 
of the aircraft. 

The final Jayout drawing is made by the design group of the general-plans team 
for the aircraft and its individual assemblies: wings, fuselage, engine nacelles, 
and landing gear and is an internal document of the development design office at the 
stage of the preliminary layout. 

The final layout drawing of the fuselage determines its internal arrangement, 
dimensions and shape and gives the teams the initial data for drawing the general 
view of the aircraft, for working out the theoretical and match drawings, and for 
making the preliminary calculations of weights and strengths. The layout drawing 
of the fuselage shows the locations of all of its components and accessories: crew, 
equipment, and various installations (Fig.65). 

The general view drawing of the aircraft gives an idea of the external form and 
general data on the dimensions of the aircraft. To make the shape dal for the 
aircraft clearer and more graphic, the Jasiek team makes up a drawing from which 
the model shop builds a tactical model. The general-view drawing of the aircraft 
is needed by the purchaser and other interested organizations for familiarization, 
and by the gancdynanie and strength teams as well as by the aiunt group for pre- 
liminary calculations. 

The optimum version of the aircraft selected by the chief designer is subjected 
to preliminary dynamic, weight, and strength refinements and calculations. 


STAT 
The aerodynamic team, starting from the tactical-technical specifications of 
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Fig.65 - Layout Drawing of Fuselage 


e 
3 
o 
E 
d 
j 
E 
ci 
3 
3 
P 
: 
Š 
t 
3 
M. 
a 


head Noell - 13; o) Bulkhead No.25 - 36 


; f) Distance from tip 
No.15 - 24; i) Bottom reduction in area of bulkheads No.28 — 36; j) Horizontal bulkhead No. 


k) Bulkhead Nos.1 - 9; 


` throughAA 
a) Canopy; b) Bracing of wing center section; c) Monocoque part; d) Bulkhead No.; e) Distance be- 


0123455878 9 10111213 191516 17 18:9202122232625262728 29 30 3. 


tween bulkheads 


SIMA T 
WA 


e 
[65] 
- 
P 


rm AA TE LE ET — oer RR TP gman wt ER CEU cept de ab ace AN ates le Steet ES Spat 
j VM MUTET TW em ETT UU E tee yer een prt ES irte eine irt agr 


mem cte rim eee semet etre edu oe à LO TO amma a O e aee 4 a meee a m i 


TUUM REY CSET SO gu EIT RRO SAT EMAIL IEE LCC TAT SEO 


Declassified in Part - Sanitized Copy Approved for Release (à 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


A Ó——————————————— Man 


aA a ca T DET, 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


the purchaser, which indicate speed, altitude, range, and flying weight of the air- 
craft, refine in first approximation its dimensions and the wing profile, the aero-" 
dynamic forces acting on the aircraft, and its stability. i 

The weight group of the general-view team, after receiving the dimensions of 
the aircraft from the aerodynamic team and knowing the specified flying weight of 
the aircraft from the technical assignment, determines in first approximation the 
weight of the aircraft being designed and its centering. From the weight estimate 
of the aircraft parts the group roughly determines the weight of all assemblies, 
their parts and units. 

The strength team, starting from the stresses and forces that will arise with 
the specified forms of the aircraft during its operation, makes a preliminary 
strength calculation and determines the value and direction of the main forces act- 
ing on the assemblies of the aircraft; these data are communicated to the design 
teams. 

As a result of these preliminary studies the general view of the aircraft is 


refined, allowing the design group of the general-view team to proceed to make the 


theoretical drawings and the matching group of the same team to make the preliminary 


tie-in drawings. 
The theoretical drawing is drawn for each assembly and determines its external 


shape (contour) and the location of the longitudinal and lateral assemblies on 


«it (Fig.66). The theoretical drawing is the reference-standard form of the assembly 


and is necessary to build up the loftings and to make more precise aerodynamic and 


strength calculations. Theoretical tables, making it possible to construct, on the 


loft floor, the contours of the assembly at full scale, are appended to the theoret- 


ical drawing. 


The preliminary tie-in drawings are made on the basis of the layout and theo- 


retical drawings for all assemblies and complex units of the aircraft and give their 


general view, not showing minor details. The tie-in drawing defines the position of 


290 


the parts and equipment inside the assembly, and their dimensions. 

For instance, if a tie-in drawing of the place of installation of an instrument ' 
is given, then the drawing will show the place of location of the instrument and the 
arrangement of its wiring. When several different installations are located in a 
single zone, the matching group refines their mutual position and coordinates the 
proposals made by the various teams. 

In small development-design offices, the design teams themselves work out and 
produce the theoretical and tie-in drawings. The general-view team works out only 
the layout drawing and the general-view drawing of the aircraft. 

The general view of the aircraft and the theoretical drawings are approved by 
the chief designer, and the general-view team then delivers the theoretical, basic 
layout and tie-in drawings to the calculating and design teams, in the lofting- 
template shop and the mockup and model shop. 

On the basis of the theoretical drawings and tables, the lofting and template 
shop develops the theoretical loftings. The theoretical lofting refines the ex- 
ternal contours of an assembly, the position of its axial lines and of the axes of 
the principal units. These refinements are transferred to the theoretical drawing 
and to the lofting floor. Templates of the external contour of the assembly in 
question are taken from the theoretical lofting. 

On the basis of the scheme selected and of the theoretical drawings, the aero- 
dynamic team draws up a second aerodynamic calculation of the aircraft. These theo- 
retical calculations are refined experimentally, for which purpose a special design 
team makes drawings for models of the aircraft , and the mockup shop builds models of 
several forms to various scales from these drawings. Depending on their purpose, i 
the models are wind-tunnel, mechanized, dynamically similar, or tactical. - The aero- 
dynamic team, in accordance with the program worked out by it, makes wind-tunnel 
tests of the model at the development design office or at the Central AA 


and Hydrodynamic Institute, and on the basis of the results of the wind-t STAT 
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tests, provides the design teams, before they begin the production design, with 
precise data of the forms of the assemblies and the aerodynamic forces acting on 
them. - | 

The modifications in the aircraft contours, required after the model tests, are 
entered in the theoretical loftings and in the drawings, sometimes making their rad- 
ical revision necessary. 

The weight group, on the basis of the preliminary layout drawing, statistical 
data, aerodynamic and strength characteristics, and tables of the weight ratios of 
the aircraft parts, finds the design weights of the assemblies at specified 
strength, and on this basis computes the centering, determines the weight of the 
aircraft, its equipment and assemblies, and gives the design teams weight limits for 
the parts of the assemblies. The aircraft weight affects the tactical and technical 
characteristics of the aircraft and the fuel consumption. Many aircraft calcula- 
tions depend on the aircraft weight. For this reason, the weight limits of the aue 
craft are law for the design team. Every design team must strive to reduce the 
weight of the aircraft part it is designing, and in no case whatever exceed the es- 
tablished limit. 

The strength team, on the basis of the scheme selected and of the aerodynamic 
and weight shadobepist ios , calculates the principal stresses with the object of 
determining the snis of their application, their magnitudes, directions, distribu- 
tions, and actions on the aircraft structure (its assemblies and individual units) 
for various design cases: in flight, on landing, etc. The strength team transmits 


its calculation and considerations to the design teams. These considerations are 


'. the starting point for the detail calculations of the assemblies being designed and 


of their units and parts. These calculations are then checked by the strength team 
and are used to make a complete stress analysis of the entire aircraft. It must be 
mentioned that definite ‘strength standards correspond to each class of aircraft. 


The equipment team refines the mounting and location of the equipment on the 
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tie-in drawings and the aircraft mockup, and lists the equipment to be installed. 

The technological team, in collaboration with the design teams, prepares the 
specifications for each assembly. 

The materials and semifinished products to be used are refined and unified ac- 
cording to a schedule of types and sizes. The materials to be used are at the same 
time redetermined. 

The scheme of division of the aircraft into assemblies, sections, panels, and 
technological units is drawn up to ensure the mechanization and optimum organization 
of the riveting assembly and fitting assembly work in series production. The ian 
ciple of assembly, whether from skin toward framework or in reverse order, is laid 
down. The specifications for accuracy of the contours of the surfaces, for the 
protective coatings, etc., are drawn up. 

The assemblies and other structural elements for which design sequence is to be 
followed, on the basis of what aircraft, are indicated next. 

A pre-schedule of parts, units, lines, and joints of the aircraft to be stand- 
ardized, normalized, and unified is drawn up, indicating the standards and design 
forms of the part and units to be used in the production design of the aircraft. 

The integral units and panels are noted, as well as the blanks of the parts to 
be fabricated by casting, stamping, or rolling methods. Measures to secure inter- 
changeability of the structural elements of the aircraft are given. The techno-. 
logical processes and equipment that must be used to fabricate the new aircraft de- 
sign are ascertained. This information is necessary for the design and experimental . 
work in the creation of the prototype aircraft. i 

The specifications for each assembly and for the aircraft as a whole are. de- 
livered by the technological team to the chief designer. After approval by the 
chief designer, the specifications are as binding for each team of the development 
design office as the weight, aerodynamics, strength, and layout conditions. l 

On the basis of all the original materials, the groups of formlizatiSTATa 
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technical description of the aircraft, which belong to the general plan team, pre- 


pare a detailed description of the aircraft and formalize the preliminary layout de- 


sign. The preliminary layout design includes the following basic documents: 
1) general view of the aircraft in three projections; 2) layout drawings; 3) tacti- 
cal model; 4) outline, control, equipment, and load distribution diagrams; 5) aero- 


dynamic characteristics of the aircraft, with calculations; 6) principal data on 
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strength and flying weights of aircraft for various loading versions; 7) calculation 
1 of the center of gravity of the aircraft with respect to the mean aerodynamic wing 

: chord for various loading versions; 8) schedule of emergency rescue facilities; 

| 9) outline diagrams; 10) description of the tactical-technical characteristics of 

i the aircraft with an illustration of its design features in numerous tables and di- 

agrams; 11) technological characterization of the aircraft, indicating the possibil- 


ities of manufacturing the new design in series production; 12) economic justifica- 


i tion of the design with an estimate of the expenses; and 13) an explanatory note 

i justifying each modification of the specifications. 

| The preliminary layout drawing, formalized by the signature of the chief de- 

| signer, with the corrected tactical-technical specifications annexed (if they differ 


E from those prescribed by the purchaser) is submitted for review by a special mockup 
commission. 

. The Aircraft Mockup. Simultaneously with the working out of the preliminary 
layout drawing, the general plan team proceeds, in collaboration with the equipment 
teams and other teams, brought in as necessary, to work out the drawings for the 
aircraft mockup. From these drawings y the mockup shop constructs a wooden mockup 
which represents the prototype of the new aircraft or only of its cockpit, in full 
scale. Instead of the engines, instruments and installations, the mockup is pro- 
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vided with metal or wooden models which are copies of the actual instruments (down 
to the very paint and inscriptions). The models are made up from the drawings of 


E the development design office and the suppliers of instruments or equipment. The 
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body of the mockup must have a sufficient reserve strength to ensure safety of the 
first, to 


work of its construction and utilization. The mockup has a dual purpose: 
give the purchaser a complete idea as to the external shape, size, and internal ar- 
rangement of the aircraft being designed and to indicate the degree to which it 
provides convenient placement of the crew, their safety, unobstructed view, control 
and loading of the aircraft, and its care under operating conditions; second, during 
the period of planning and construction of the operating prototype aircraft, to 
serve as an objective and graphic aid to the designers and workers of the develop- 
ment plant. 

The mockup is submitted to the mockup commission, which has the right not only 
to express their comments on the mockup, but on the ground of its examination, to 
prescribe additional specifications for the design of the aircraft. 

The mockup is considered to have been definitively accepted and approved only 
after agreement has been reached between the mockup commission and the chief de- 
signer. The acceptance of the mockup is formalized by the commission in a formal 
instrument. 

The production design is worked out on the basis of the materials of the pre- 
liminary layout drawing and mockup, and constitutes their further development and 
refinement. Each team working on the production drawings receives the following 
documents signed by the chief designer, from the general plan team: 1) assignment 
for the production drawing of an assembly or equipment; 2) precise theoretical 
drawing of the assembly and principal tie-in drawings for it; 3) reference documen- 
tation from the computation teams; 4) schedule of specifications for design; 

5) methodological instructions on the fulfillment of the specifications submitted 
at the beginning of the assignment; 6) graph of delivery of the assembly drawings, 
with units and parts in the sequence prescribed by the plan entitled: "delivery 
of drawings for production". 


On the basis of these initial data, the design team proceeds to work Mine 
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precise tie-in and assembly drawings for an assenbly, and for the units and parts 
comprising it. 

The final tie-in drawing of the technical design of the assembly is worked out- 
by the design team on the basis of the preliminary tie-in drawing. The drawing is 
the detailing and refinement of the preliminary tie-in drawing, and does not appear 
subsequently as an independent technical document. 

Let us consider the process of preparation of the final tie-in drawing from the 
following example: The general plan team delivers to the control team a preliminary 
tie-in drawing, showing the route traversed by the control system. The control 
team, guided by this drawing, by the aircraft mockup, and by the schematic diagram 
of the control system, then proceeds to work out the final tie-in drawings, accu- 
rately specifying the route of the control system for each assembly, and stating the 
elements of which it consists. For example, in the tie-in drawing of the control 
system with respect to the fuselage, the control team shows the displacements of the 
rods, cables, brackets, rockets, and levers, notes where and how the control system 
must be attached, calculates and indicates the stresses arising at the points of 
attachment of the control system; after this, it will deliver the final tie-in 
drawings for’ coordination to the fuselage team, and will then itself proceed to the 
preparation of the production (installation) drawings for layout of the control sys- 
tem and the production drawings for the units and parts of the control-system in- 
stallation. The fuselage team refines its own tie-in drawing from the final tie-in 
drawings sent to it by the control-system team. 

The coordinated work of the control-system team and the other equipment teams, 
in coliatoratión with the airframe teams, assures the timely matching of the draw- 
ings and excludes errors and additional work. Differences of opinions that arise 


* 


in the coordination of the final tie-in drawings are decided by the lisison group of 


the general plan team or by the supervising aircraft designer. In this case, pref- 


erence will he piven to the 


g which most satisfies the demands of rational ` €, 
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location, minimum weight at maximum strength, and the demands for high engineering 
quality of design. There is also another system of coordinating the final tie-in 
drawings. In this system, the control system team, the equipment team, and other 
teams do not coordinate their final drawings with the framework teams, but the in- 
accuracies detected in the drawings are ascertained by the matching group of the 
general plan team, and the final tie-in drawings are there examined and approved. In 
this case, the inmediate supervision and mutual coordination of the final tie-in 
drawings is assumed by the matching group. 

The assembly drawing of an assembly is worked out by the airframe team on the 
basis of the theoretical and final tie-in drawings, delivered to it by the teams. 
The assembly is designed to provide a guarantee of specified strength, minimum 
weight, and specifications for series production. The assembly drawing of an as- 
sembly shows the layout in detail and with accuracy. When an assembly drawing is 
prepared, the airframe crew indicates which are stressed members and which are un- 
stressed members, gives their construction, defines the thickness, width, and length 
of the skin, shows the places of jointing of the sheets horizontally and vertically, 
gives the precise position of the hatches, doors, and cut-outs for windows, and 
makes all of the strength calculations for the parts and units, starting from the 
forces acting on them. A11 dimensions are shown on the assembly drawing or the 
section entering into it. The dimensions taken from the loft floor are usually 
surrounded by a square marking. 

The assembly drawing is delivered for checking to the lofting section. Here, 
from the dimensions taken from the theoretical lofting, the tie-in (design) loftings. 
are laid out for the assembly in question. On the tie-in lofting, the acta pment 
team finally refines the layout of the equipment, while the airframe team refines 
the assembly drawing. The refinement of the assembly drawing is performed by the 
geometric coordination of individual structural elements. Adjustments of **- tie-in 


STAT 
loftine nlans ara eomtersioned in the lofting shop. At the same time, the lofting 
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department prepares copies of the detail drawings which are then executed, not by 
pattern but by template taken off the lofting. 

On the basis of the assembly drawing, the airframe team makes the production 
drawings for the units and parts entering into the assembly, except those which, ac- 
cording to the lofting method, are fabricated directly from the templates. In pre- 
paring the production drawing of the unit or part, allowance is made for the engi- 
neering requirements of series production. The drawing contains all the technical 
information required in production for fabricating the part or unit from the draw- 
ing. The most important units are checked not only by the theoretical drawings but 
are also fabricated in full scale, weighed, and subjected to static tests. For a 
more complete realization of the specifications assigned for each unit, the design- 
ers, in the production designing of the parts, units, and assemblies of the air- 
craft must confer with the technologists about the correctness of the choice of the 
kind and size of material, original blanks, satisfactory technology of the shapes 
indicated for the parts and units, and convenience of their layout into independent 
blocks. Thus, because of the inadequate familiarity of designers with the tech- 
nology of deep drawing of sheet-metal parts, with electric heating of the blanks, 
such parts are little used in aircraft building. Yet this new method is of great 
economic advantage, cutting the consumption of metal 2 — 4 fold and the 
labor 5 - 6 fold. 


The drawings, finished in design, and with all requisite approvals, are deliv- 


ered by the design team (in sets for the unit) to the inspection team. With the 


drawings, the team delivers a schedule and a routing slip, indicating what sets of j 
units must be fabricated by the development plant and the order to which this is to | 
be charged. | 
During preparation of the production drawing of the aircraft, the technological 
team refines and details the specifications for the various assemblies of the air-- : 
craft, in consultation with the staff of the chief technologist managing the series E 
298 E 


O 


6) 


plant, and daily give assistance to the designers of the development design office, 


in order to attain the best technological form of the parts, units, and assemblies. 


Control of Design and Technological Characteristics of the Aircraft. In view 
of the rapid technical progress in aircraft building and the resultant brevity of 
the period of series production in each modification of the aircraft, its design 
and technological refinement is of primary importance for series production. The 
series plant will master the new design more rapidly, the fewer design modifica- 
tions it has and the higher the degree of its technological quality. For instance, 
series plants which were given a light aircraft, well worked out technically and in 
design, to put into production were able to organize the technological preparation 
on the basis of extensive specialization and subcontracting in the field of design- 
ing and fabricating the tools. As a result of the high technological perfection of 
the machine and good organization of the work, the plants were able to change over 
to the production of the new modification, without stopping production and without 
slowing down the rate of output of the aircraft (Fig.67). The good design and 
technological characteristics of the aircraft of a number of Soviet designers makes 
them exceptionally stable in series production; and the introduction of these air- 
craft by series enterprises takes a relatively short time. However, there have 
also been cases when certain designers have turned over aircraft for series produc- 
tion that were inadequately worked out in design and technology. Such aircraft, in 
series production, required an immense number of design and technological modifica- 
tions and demanded complex and extensive original tooling. All this greatly com- 
plicated the production, lengthened the periods of the mastery of series production 
of the new aircraft, and disturbed the uniform flow of production. Table 23, com ' 
piled from data of a certain plant that put an aircraft into production, in unose 
design over 20,000 modifications were made in the course of a year, indicates how 
irregularly the output of aircraft proceeded. 


The complication of the shape and the unjustified increase in the accurai ^T 
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class and finish of the parts and units leads to extensive metal losses in chips, to 


an increase in the time necessary for machining and assembly, and to higher cate- 
e£) 
Table 23 


b) | e) 
d) 


gni | gra "1 ist 


it m | gd " í 


Overfulfilled 
0 1 25 0 0 6 | 16,6 
Underfulfilled 12 10 69 12 12 6 | 83,4 


a) Characteristic of performance of ten-day assignments; b) Assembly of air- 
craft; c) Delivery of finished aircraft; d) Number of ten-day periods 


gories for the work. The inadequately typified and standardized forms of the parts 
and units leads to an increase in the number of dies, jigs, and other tooling and 
makes the period of their utilization too brief. This is why the designer at the 
development design office must consider the design and technological finish of each 
part and unit of the aircraft his very first concern. 

The good features or faults of a design find their reflection in the produc- 
tion drawings. An incorrect drawing leads to spoilage in production. For this 
reason, control of the drawings is of great economic importance, since it protects 
production from the fabrication of products according to untrue and economically 
nonrational drawings. Each seodustiun drawing, before going into production, is 
subjected to a comprehensive control, calculation, and standardization, both tech- 
nological and general. 

The 'calculation control consists in checking the production drawing for con- 


formity with the assigned strength, weight, aerodynamic, and other requirements. For 


e) 
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section or the fuselage; the aerodynamic team checks and confirms conformity with 


legend 
output of new aircraft; 
output of aircraft being taken out of production; 


output of modification of aircraft being taken 
out of production; 


plan of aircraft output by plants; 


performance of plan of aircraft output 


Fig.67 - Graph of Change-Over of Plants from Production of One Aircraft 
to the Production of Another Aircraft, without Production Stoppage 
a) Output of aircraft; b) Quarters of the year 
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the specifications for the external shape. of an assembly; the strength team checks 
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conformity of the structural strength with the assigned strength; the weight group 
makes sure that the weight limits have not been exceeded. 


The weight control is not limited to the theoretical calculation of the weight - 


of the aircraft parts. Each part or unit fabricated, and each assembled major com- 
ponent as well as the aircraft as a whole, are weighed. The actual weight of the 
aircraft and its assemblies is compared with the calculated weights. 

The normalization control of a drawing is carried out by the normalization and 
standardization group and consists in checking the correctness of the application 
of the State standard, the ministerial and plant standards, and in establishing the 
possibility of replacing the original parts shown in the drawing by standard and 
unified parts. 

The technological control of the drawing is performed by the technological 
group and consists in verifying the economic soundness of the material selected, 
the shapes and dimensions of the parts " uibs » and assemblies of the aircraft and 
their conformity with the requirements of large-lot production. Large-lot produc- 
tion demands that the design of an aircraft is adapted to manufacture under condi- 
tions where the labor is divided into operations allowing the use of the production- 
line method; that the design consists of interchangeable parts, units, and assem- 
blies with extensive use of open profiles and panels; that standardized and unified 
parts, units, and assemblies are widely used in the design (this allows the organ- 
ization of multiproduct lines); that the blanks, parts, and units are amenable to 
processing by high-production methods, for instance “by stamping and casting followed 
by machining of only the mating surfaces, of large-dimension stamping, rolling, 
automatic welding, and group squeeze riveting. It is very important to have the 
engineers of the prime series plant participate in the technological control of the 
production dins: | 

The general control of the drawings is handled by the control team, and con- 


sists in checking the accuracy of representation of the object, its dimensions » the 
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tolerances and their mutual coordination, the justification for the accuracy class, 
fit and finish selected, the correctness of the formalization and editing of the 
drawing, and of adequate information content for the high-grade manufacture of the 
object. 

The control team, after verifying and correcting the drawings and the accom 
panying documentation, delivers them in complete sets for the unit or assembly to 
the central technical files of the development design office. 

The process for the manufacture of the prototype aircraft is designed by the 
office of the chief technologist, as the drawings for it arrive from the develop- 
ment design office. The procedure and order of the delivery of drawings from the 
development design office to the development plant is determined by the chief engi- 
neer or the chief technologist of the development plant. To accelerate the work on 
the building of the prototype, the technologists prepare specifications, technical 
conditions, and drawings for the semifinished articles ordered from outside, as 
early as during the stage of making the production drawing. In addition, the de- 
livery of the theoretical and preliminary drawings to the development plant is prac- 
ticed. From such drawings, the technologists, with a certain head start, perform 
the preparatory work, the standardization and listing of the mterials required, the 
assignment of the drawings to the shops, the issue of orders for tooling, dies and 
jigs, as soon as the production drawings are ready and only the checking and re- 
finement remain to be done. For instance, from the drawing of the preliminary lay- 
out of the skin of an assembly, a master plaster pattern is first fabricated and on 
it the printing and fitting of the skin is done until the production drawing of the 
skin is ready. 

Directive and working manufacturing process charts are used in development pro- 
duction. : 

The directive process chart is drawn up ‘by the organization of the chigT aeb- 


nolociet for aesemhiv of the sireraft, its assemblies, and systems, for the fabrica- 
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tion of the most complex parts, and for new processes. 
On the basis of the drawings of the articles and of the directive process 
l chart, the technological offices of the primary shops draw up a working process 
chart, formalizing it, as a rule, into summary (route) flow sheets for the part or . 
unit. In working out flow sheets, the technologists establish the requirements for 
the necessary special tools, equipment and jigs, without which the new aircraft can- 


not be produced. In development production, standardized assembly jigs, attach- 


ments, and tools are used. 

The design of special tooling and attachments is handled by the design offices, 
under the chief technologist of the development enterprise. The designing of the 
patterns, flasks, chills, and molds for casting is handled by the department of the 
chief metallurgist or the office of preparation for production of the casting shop. 
The drawings for special tooling are approved by the chief technologist or the chief 
metallurgist and are delivered to the tool department for incorporation in the 
program of the auxiliary shops, or to be ordered from other enterprises. In devel- 
opment production, the work on tooling design is simplified. For instance, in de- 
signing assembly tooling, the theoretical drawing of the assembly or unit is used 
as a drawing of the tool, by entering on the theoretical drawing the additional 
points for fixing the outline of the external contour and the points of attachment. 

The chief technologist establishes the sequence of a design and the amount of 
special and other tooling to be fabricated, and draws up a calendar graph of the 
setwise delivery of the drawings to the tool shops, assuring their uniform loading. 


The tool shops and attachment shops deliver the tooling in sets, first to the fab- 


. ricating shops, then to the processing and intermediate shops, and finally to the 


assembly shops, assuring their operations according to the graph. 


Build and Service Testing of the Production Protot Aircraft. The primary 


shops, as they receive tlie production drawings, templates, and tooling, proceed to 


hnild the nrototvne aircraft. the process of manufacturing and testing the  . D £3 
304 


production model, the production drawings are given their final touches. Several 


samples of the model are built. First the initial flight aircraft is built, with a 
second one for static tests. The latter consists only of the airframe, without the 
internal fittings. After the static tests have been run, corrections are made to 
the first flight machine. The flight machine is subjected to the service flight 


tests on the decision of the TsAGI. The tests are made by the development shop in 
accordance with the program worked out by it and approved by the ministry. The 
purchaser may also participate in these tests. By agreement with the purchaser, the 
enterprise may combine certain tests (for instance, for endurance and flying range) 
with the State tests. 

After the plant tests and the corresponding final modifications, the aircraft, 
together with its ground equipment, is turned over for the State tests, which con- 
stitute the certification of the submission of the aircraft for final delivery. 

The State tests of the aircraft are made by a commission under a special pro- 
gram and have the purpose of establishing the aircraft's compliance with the as- 
signed specifications. The State tests are made on one aircraft or on several. When 
the State tests are run, any deviations from the assigned specifications, together 
with the purchaser!s suggestions for improvement of the aircraft design, iie entered 
in the protocol by the commission. If the aircraft, on the whole, meets the speci- 
fications, the committee issues a decision that the aircraft can be put into series 
production, At the same time, the commission, in agreement with the chief designer, 
establishes the order and dates of introducing the supplementary modifications of 
the test protocol in the aircraft design. 

Simultaneously with the delivery of the flight prototype of the aircraft for 
the State tests, the development plant builds a third sample of the production model 
which serves as the standard for series production. All improvements and additions 


requested by the purchaser on the basis of the results of plant and State tests of - 
STAT 


the first model are introduced into the third sample. These improvements, addi- 


_ STAT 


Ms 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


mui pee 


(eatin eee 


ved 


Piera 


tions, and refinements are reflected in the drawings and other technical documenta- 
tion of the development design office. 

For each modification, the development design office makes out a drawing modi- 
fication sheet (LICh) which is sent, together with the drawing, to the prime series 
plant. 

To have these modifications interfere as little as possible with the uniform 
work of the series plant, after the State tests, the development design office must 
agree with the prime series plant on the forthcoming modifications and the dates of 
their introduction. 

The production drawing in final form comprises the following basic documents: 
installation, assembly, and detail drawings; refined specifications for materials, 
semifinished and finished articles; aerodynamic strength, weight, and other calcula- 
tions on the aircraft and its assemblies; data on the centering and the weight log 
of the aircraft; description of the aircraft, specifications, and test reports; 
drawings of the ground equipment, and production manufacturing and operating in- 
structions. All these documents are delivered by the development plant to the prime 
series plant. It also turns over: the theoretical loftings with tables and a set 
of the control-contour templates, of the reference standard and master pattern sys- 
tem; the technological characterization of the aircraft; the specifications and 
drawings for the special tooling for the newly introduced processes; the specifica- 
tions for primary and auxiliary materials, castings, forgings and stampings, for 
parts of plastics, rubber and newly introduced materials, with a separate list of 
the parts first used in the given aircraft. 

Further Improvement of the Aircraft Design. After delivery of the drawings 
for a new machine to the series enterprise, the development design office (OKB) 
continues its work on further improvement of the design. In realizing the techno- 
logical control of the development drawings by the series enterprise, a large number 


of various comments on the improvement of the technological properties of the new 
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design are entered. These comments reach the OKB accompanied by the conclusion of 


the series-design department of the series enterprise. In accordance with the com- 
ments received, the OKB authorizes the introduction of modifications in the series 
drawings and advises the series-design department accordingly. The number of tech- 
nological refinements may be sharply reduced by improving the quality of the draw- 
ings control at the OKB and analyzing them with the participation of technologists 
from the series enterprise. In the process of building the.type series, various 
design errors show up and are also considered by the series-design department, which 
sends a list of them to the OKB, together with its conclusion, to secure permission 
for making changes in the drawings. 

When the aircraft reach the operating organizations, suggestions on the im- 
provement of the design are submitted by the flight personnel, during the course 
of operation. These suggestions are considered by the OKB, and, if accepted, the 
appropriate changes are made in the drawings, and the series enterprise is notified. 

Besides current improvements, the OKB also works on the basic revision of the 
design, resulting in a new modification of a given aircraft. The modification im- 
proves the quality of the aircraft and at the same time lengthens its life in series 


production. 


Section 2. Organization of the Experimental Work 


The production prototype, during the process of its design, construction, and 
improvement, is subjected to various experimental investigations. Anything put out 
by the designer, initially in the form of calculations, diagrams or drawings, is 
subsequently checked on models, mockups, and production prototypes. For instance , 
all theoretical calculations on the search for optimum aircraft shapes are checked 
and refined on models by the aerodynamic team. To determine the maximum loads and 
establish the strength characteristics of the assemblies and of the aircraft, the 


STAT 
strength team verifies its calculations by static and dynamic tests of the aircraft 
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and its parts. The design work in connection with the internal layout of the air- 


craft and the convenience of location of all necessary elements in it, is tested on 


' a mockup. The installation diagrams for the electrical, radio, navigation and other 


forms of aircraft equipment are checked in the laboratories. The most important 
installations are first refined on special full-scale test stands before installa- 
tion on the aircraft. The assembled aircraft is given ground and flight tests. 
Consequently, the process of designing an aircraft is inseparable from research and 
experimental work. For this reason, the development enterprise stages its experi- 
mental work in two directions. The first is the development of the prospective 
problems with the participation of the competent research institutes. The second 
direction is the working out of questions arising during the designing and refine- 
ment of the new aircraft. Such questions are decided, in most cases, by the devel- 
opment design office itself. 

Depending on its purpose, the experimental work may be classified into work in 
connection with checking the aerodynamic shape of the airframe, the strength under 
static and dynamic loads, the resources of the power plant, the properties of new 
materials and technological methods of processing and assembly, the quality of the 
work on the equipment installations and assemblies prior to their installation on 
the aircraft, with the staging of ground and flight tests of the aircraft. 

The experimental base of the development design office is represented by the 
shops of the development enterprise, the laboratories, the special installations, 
and the LIIDB (flight test and refinement base). - 

The development and series enterprises build samples of the alrcraft units and 
assemblies for the development design office, which are then subjected to various 
tests. 

The laboratories are intended for performing a definite type of experimental 


and control work, and are subdivided into computation, materials, technological, 


equipment, and power plant. 
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The computation laboratories investigate questions connected with the aerody- 
namic, strength, and weight characteristics of the aircraft. For this purpose, the 
following laboratories are organized within the development design office: aerody- 
namic, hydraulic, static tests of models and prototypes of aircraft units, assem- 
blies and airframe, vibration tests of assemblies, and others. 

The materials-testing laboratories investigate the chemical composition and 
mechanical properties of materials, and are grouped into chemical, metallographic, 
and mechanical laboratories. The organization of the development design office also 
has laboratories specialized in investigating the properties of plastics and elec- 
trical and radio materials. 

At some development design offices, all these laboratories are combined into a 
single general materials-testing laboratory. 

The technological laboratory searches for methods of processing new materials 
and new methods of processing and assembly due to the design structure of the air- 
craft. 

The laboratories for electrical, radio and navigation equipment, and similar 
laboratories, investigate the proper hookup of the systems, their properties, and 
the trouble-free operation of the equipment. 

The power-plant laboratory has the function of refining and checking the entire 
system of control of the aircraft power plants. 

The full-scale test stand is a basic installation equipped with all necessary 
mechanisms and measurement instrumentation. Full-scale test stands are established 
to test the assemblies of the horizontal and vertical tail surfaces and other as- 
semblies under various operating conditions on the aircraft, to refine and finish 
off the mechanism of control and special installations, to ascertain the reserve 
characteristics of the landing-gear system, the hydraulic system, and the power 
plants. The utilization of full-scale test stands shortens the time for finishing 


STAT 
the production prototype and allows the installation of only completely refined as- 
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semblies. 

A flying laboratory 4s an aircraft which is equipped, as the aircraft being de- 
signed, with new assemblies, installations, or instruments which can be checked only 
under actual aircraft operating conditions. These assemblies and installations in- 
clude the aircraft controls, the engine, the crew rescue facilities, and the mech- 
anisms for improving the take-off and landing characteristics of the aircraft. The 


preliminary finishing development and testing of these assemblies eliminates pos- 


* gible hazards in the testing of the prototype aircraft and reveals the character- 


istics of the equipment being checked. 

The functions of each laboratory my, in general, be formulated as follows: 
development of the technique of testing in accordance with the assigned program; 
designing, and sometimes also building, the attachments and instruments necessary 
for testing, and their installation on the full-scale test stand; conducting of 
analyses and tests in accordance with the program; work-up of the results of anal- 
yses or tests; and formulation of corresponding conclusions. These conclusions are 
needed by the design team in designing; by the development production, in installing 
the equipment or power plant; and by the technical control and flight-experimental 
units, in ground and air tests of the aircraft. The operation plans of the labora- 
tories are prepared on the basis of the schematic plan of the development design 
office, and of the requests of the teams and development production unit. For the 
performance of work on the project, the laboratory receives a program of the forth- 
coming tests from the team. The diagram (Fig.68) shows the interrelations of the 


teams, laboratories, and shops in the performance of experimental work on a project, 


"-as an example. 


Section 3. Specialization of the Development Design Office and Advanced Methods 
of Work by the Designers 


Let us consider some of the advanced methods of organization of development 


which encourage the performance in short periods of work on the design- 
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ing and building of the aircraft. 

Specialization of the development design offices proceeds along the lines of 
research, planning, and productive work. 

The research institutes and laboratories conduct theoretical studies, special 
tests and search for new materials for the OKB. 

Specialized development design offices, assignment by the prime OKB, prepare 
designs of instruments, installations, and assemblies for it. 

The enterprises supply the development plant with materials, finished blanks, 
parts, units, and assemblies. ‘The more narrow the specialization of the OKB, the 
broader will be the front of simultaneous work and the shorter the cycle of design- 
ing and constructing of the prototype aircraft. 

The specialization of the teams and laboratories within the OKB leads to a 
sharp division of the work, its mechanization and-better Drpitisaticn, Gnas improv- 
ing the labor productivity of the OKB workers. Specialization of the teams allows 
design work to be conducted in parallel and parallel-sequence methods, thus short- 
ening the cycle of designing and building the production prototype. Specialization 
of the teams should be accompanied by a distinct delimitation of functions between 
the teams. 

In each team, there should be exactly defined documents prepared by it during 
the stages of research and production drawings, a technique of working out each 


document, a procedure, and periods for its coordination with other teams and for its 


delivery to other units of the OKB. 


The cyclic operation and uniformity in the load on the OKB and the development. 


plant ensures effective utilization of their capacity and eliminates stoppages in 
the work. It is necessary in planning the experimental work to maintain proportion- 
ality in the load on the units of the OKB and its plant, and to maintain uniform - 
loads or uniformly increasing loads, in all units by months of the Sanning Toate 


STAT 
The more widely the OKB realizes standardization, unification, and design se- 
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sections, and assemblies that need no longer be designed and built at the develop- 
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ment plant, but which can instead be taken ready-made from the prime series plant. 
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bureau of technical information, the technical library, the technical files, etc. prises is shown in Fig.69. 
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In each new machine, the designers should increase the percentage of standard- The organization of a development enterprise usually contains a development- 
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' ized and unified parts, units, and sections and should introduce compulsory limita- b design office (OKB), a development production unit, and a flight-test and elabora- 
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tions on the shape, dimensions, and weight of the parts. Parts or units having the 


tion base. The structure of a development enterprise is laid out so as to allow the 
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same function should be formalized in the same design forms. To save metal, a de- chief designer to devote most of his time to the creative leadership of the design 


signer should establish the upper limit of metal consumption for the various types work. The chief designer therefore has assistants, each of whom manages a certain 


of parts, and should make wide use of’ modern calculation methods, allowing a reduc- definite part of the work. 
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tion in structural weight, organize the exchange of experience between related The chief designer heads the OKB and is at the same time the responsible di- 
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enterprises, and stage critical analyses of the designs of machines, with the par- rector of the experimental plant. He manages both on the principle of one-man man- 


ticipation of technologists and designers of the series plants. agement. The new aircraft designs are created by the staff of the development plant 
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To increase the labor productivity of the designers, it is necessary to improve under the direct supervision of the chief designer. 


AXES 


their qualifications, to organize their work correctly, to equip their rooms and The first assistant of the chief designer manages the routine work of the OKB. 


work places rationally, to mechanize the computational work, to use progressive wage The assistants of the chief designer for aircraft types are appointed by the 


standards and bonus wage payments, and widely to introduce advanced methods of work. chief designer for the operative leadership of the work on experimental aircraft, 
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when the OKB is simultaneously designing several aircraft. Each of these assistants 


e 


Section 4. Structure of the Experimental Aircraft Construction Enterprise and Y 
Functions of its Primary Units al 


decides the questions of designing, ruming experiments and all the research work 


connected with the aircraft he is handling. He is responsible for the coordination 
The planning and designing work on an aircraft is measured in hundreds of 
oo and interrelation of the work of all the teams working on the machine, and for the 
thousands of hours for machines of small tonnage, and in millions of hours for ma- 
. control of the performance of the work according to the graph. His dispositions 
chines of large tonnage. For this reason, a development design office (OKB) de- . 
TUE : : are binding on every team and unit of the OKB. He signs the drawings and documen- 
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signing heavy aircraft has a greater amount of work and has more highly specialized 
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H tation for a new aircraft, decides questions relating to the construction, testing, 
design teams and other units than a development design office, designing light air- i 
Es and elaboration of the aircraft, and handles the delivery of the aircraft and the 
craft. The structure of an OKB depends on whether it is attached to a series plant n 
A technical documentation for series production». 
or is part.of the organization of a development plant. At a series plant, the OKB E P i 
l f vi The assistant of the chief designer for series plants, acting through the man- 
has its own development shop and complete independence in conducting and financing > 
^ al Hi aging designers under his supervision, exercises control over the building of air- 
the development work. The security and administrative-economic servicing of such E j 
NET : E craft by series plants in accordance with the drawings and specifications, periodi- 
an OKB is handled by the series enterprise services. In practice, independent de- ui : 
: ` ' a cally checks the tests of the series aircraft, and decides all questions connected. 
t velopment enterprises are more widely used. The structure of one of such enter- E : STAT 
® ES Ca with the refinement and replacement of drawings for the series aircraft. 
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Re Fig.69 - 1) Chief designer - responsible manager of plant; 2) Chief inspec- ` 


2 tor; 3) Flight testing and refinement base; L) Wing team; 5) Fuselage team; 6) Wing 


center section team; 7) Empennage team; 8) Power plant team; 9) Landing gear team; 


10) Navigation equipment team; 11) Electrical and radio equipment team; 12) Pres- 


16) 
CAD — 
18) 

49) 

50) 


surization team; 12) Hydraulic system team; 14) Special equipment team; 15) Con- 


61) 
64) | 


trols team; 16) 15t assistant chief designer; 17) General plan and matching team; 


45) 


18) Aerodynamics team; 19) Vibration team; 20) Strength team; 21) Laboratories; 
22) Loft-templet shop; 23) Mockup shop; 24) Assistant chief designers for aircraft 


types; 25) Administrative and general management group; 26) Planning-dispatcher 


(for Legend see next page) 


Building Enterprises 


office; 27) Standards team; 28) Control team; 29) Technical description team; 
30) Information office; 31) Library; 32) Files; 33) Blueprinting shop; 34) Techno- 
logical team; 35) Assistant chief designer for series; 36) Modification team; 


37) Leading designer; 38) Aircraft operations department; 39) Assistant director 
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for personnel; 40) Department of hire and discharge; 41) Plant protection; 42) Per- 
2 sonnel training department; 43) Director of development plant; L4) Chief engineer; 
45) Department of material and technical supply; L6) Department of planning and 

labor; 47) Accounting department; 48) Capital construction department; 19) Depart- 


ment of administrative and general plant management; 50) Housing department; 


51) Office of rationalization and invention; 52) Plant safety office; 53) Chief 
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department; 57) Central tool store; 58) Production superintendent; 59) Chief metal- 
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Fig.69 - Structure of One of the Development Aircraft 


lurgist; 60) General plant laboratory; 61) Chief machinist; 62) Maintenance machine 


shop; 63) Electrical shop; 64) Heat and power shop; 65) Technological laboratory; 
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66) Pattern shop; 67) Attachment shop; 68) Tool shop; 69) Assembly shop; 70) Fitting 
welding shop; 71) Carpenter shop; 72) Machine shop; 73) Fabricating and coppersmith 


shop; 74) Landing gear and hydraulic system shop; 75) Equipment shop; 76) Nonmetal- 


lets Se Se e pnm Ca RETIA at GY MEER, 


lic coating shop; 77) Heat treatment shop; 78) Casting shop; 79) Puree 2200 
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A development design office, planning light aircraft is usually divided into 
teams, and the teams into groups. A development design office planning medium and 
heavy aircraft is divided into departments, teams, and groups. A department com- 
prises teams of the same kind. For instance, the department of computing teams in- 

: eludes the aerodynamic and strength teams. 

Each team is specialized to perform definite work: computing, designing, in- 
stallation, etc. and consists of specialized groups. 

Let us consider the functions of the mst important teams of the development 
design office. 

The general-plan and matching team is the creative center where the forms of 
new aircraft designs are conceived and the most important documents on the prelimi- 
nary layout drawing are prepared. The team consists of the following groups: group 
of prospective designing, which lays out the schematic diagrams of the future air- 
craft; group of current design, which works on the current preliminary drawings, and 
works out the layout and theoretical drawing; matching group, which works out the 
tie-in and mockup drawings, and handles the coordination of the assemblies and e- 
quipment of the aircraft; weight group, which makes the preliminary and working 
weight calculation and centering; mockup shop, which builds the models and mockups; 
editing group, which artistically edits, formulizes, and makes up the layout draw- 
ings, general drawings, diagrams, and charts; and the photographic laboratory, which 
participates in making up the srelimdnacy layout drawing. 

The mm c Cua handles the aerodynamic calculations to determine the 
speeds, stability, and contours, draws up the program of wind-tunnel tests of models 
of the aircraft, issues the assignments for model building, and carries out tests 
of models or participates in their conduct. 

The strength team makes the preliminary and working strength calculations for 
ihe en ardat , makes up the program for the static and other tests of the air- 


craft, and works out the strength standards. 
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Ihe airframe teams, for the wing, wing center section, fuselage, empennage and 


others, draft the tie-in drawings, make strength calculations for the individual 


parts and units, issue production drawings of the assemblies, their units and parts, 


and draw up preliminary requisitions for materials, semifinished and finished arti- 


cles by assemblies. 

The power-plant teams work out the drawings of the engine installations, the 
fuel system, and the drawings of the test stands. 

The equipment teams (air navigation, electrical, radio, and other) make up the 
schematic diagrams, the tie-in and production drawings of the location and installa- 
tion of the corresponding equipment of the aircraft. 

The control team takes the working drawings from the design teams for checking 


purposes, verifies them and then turns them over to the technical files department. 


ARA P HR — 


The technological team prepares the specifications for the aircraft; consults 
the designers of the teams; makes up the summary requisitions for the materials, 
e e semifinished and finished articles; handles the technological control over the air- 
craft drawings; stages experimental work in collaboration with research institutes 
and other development design offices on the search for indoctrination in, and intro- 


duction into design of, new materials and processes; drafts the manufacturing rules 


for new processes; ascertains the necessity of creating new processes and equipment; 
prepares data characterizing the technological level of the design; calculates the 
applicability and unification of materials and semifinished articles; and supplies 


technological information to the design teams. 


The standardization team effects the standardization control of drawings, makes 


sure that the ministerial and plant standards are applied in the new design of the 


aircraft, works out and introduces new standards and makes up catalogs of standards, 


occupies itself with the unification of parts and units of the aircraft, and sup- 


plies the design teams and the development production unit with handbook ME 
TAT 


The technical description team draws the technical description of the new air- : 


craft design, which is used in series production and in the organizations operating 
the machine, systematizes the material on earlier designs, sets up a description of 
the prototype aircraft, and prepares for the designers folders of the most improved 
and widely used design of assemblies, units, and parts. 

The technical files department receives, registers, numbers, stores, records, 
issues and. replaces drawings. The files department prepares for the delivery of the 
drawings and technical documentation for a new machine to the series plant. The 
files department has a blueprint shop under its control. 

The laboratories of the development design office perform various experimental 
and checking work. The laboratories may be under the jurisdiction of the superin- 
tendent of the experimental department himself, or may be directly subordinate to 
the individual teams; for instance, the static testing laboratory is under the 
superintendent of the strength team; the technological laboratory, under the chief 
technologist; the metallographic laboratory and the testing laboratory for nonmetal 
materials, under the chief metallurgist. 

The lofting and template shop builds loftings and templates; the mockup shop 
builds models and constructs mockups of the aircraft. 

The aircraft operating department gives the chief designer informational ma- 
terial on the results of the operation of the aircraft, studies complaints received 
from purchasers, and devises methods of eliminating the defects. 

The assistant chief designer for the development plant performs the functions 
of the director of the plant, thereby relieving the chief designer of all current 
administrative-financial and production activity. The chief designer decides only 
the most important questions and gives the basic instructions to assure a more ef- 
fective and rapid construction of the experimental aircraft. It is important to 
note that, although the development design office is the primary and leading unit 


of the development production unit, the juristic person is not this office but the 


plant itself, through which the Ministry of Aviation Industry finances and controls 
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the work of the development design office and of the development production. A num- 
ber of departments of the plant, administrative-economic, plant production, supply; 
labor organization and wages, finances, accounting department, commander!s office, 
etc., service not only the plant but also the development design office. 

The chief engineer of the development plant manages all technical work of the 
plant and is responsible for its technical progress as well as for the quality and 
periods of construction of the aircraft prototypes. 

The chief technologist of the development plant and (at the same time) of the 
development design office is responsible for the technological preparation of pro- 
duction and manages the work of design and improvement of the technological proc- 
esses and tooling, of the fabrication of tools and their introduction into produc- 
tion, and also controls the observance of technological discipline in the develop- 
ment production. 

The chief metallurgist handles the questions of application and testing of 
materials, manages the development of the processes of casting, cold-working, hot- 
stamping, heat-treatment, welding, coating, and thermal insulation and also main- 
tainsliaison with the scientific institutes on these technological processes. 

The following work is done at the flight-testing and elaboration base (LIIDB): 
assembly of the aircraft, if it was delivered to the base in disassembled form; 
preparation of the aircraft for ground and flight tests; plant tests of the aircraft 
and (by agreement with the State commission) also part of the State tests. Minor 
improvements in the aircraft design, the need for which is disclosed by the tests, 


are also handled at the flight-test base. 


Section 5. Operative-Calendar P and Dispatc of the Design Work 


In aircraft building, for every project envisaging the designing and construc- 


tion of an experimental aircraft, a directive graph is drawn up. 


STAT 
The directive graph determines the sequence, volume, dates, and personnel as- 
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signed for the main stages of the work on the designing and construction of the ex- 
perimental aircraft (Fig.70). On the basis of the directive graph, the Central 
Administration of the Ministry controls and finances the work of the development 
enterprise, 

The directive graph is prepared by the planning and dispatcher bureau of the 
development design office, in collaboration with the managers of the teams and the 
development plant, on instructions by the chief designer. The graph is signed by 
the chief designer and is submitted to the Ministry for approval. 

For a well-founded preparation of the directive graphs, the development design 
office must dispose of the following plan norms: 

l. Norms on the structural designing of the machine, its assemblies, and units. 
The starting point for the norms on the structural designing of the machine is the 
number of drawings of standard format and the standard time for the designing and 
for the detailing and copying of the drawings. 

2. Norms on the designing of the process, on the designing of tools, jigs and 
fixtures, and their fabrication. The basic elements for these norms are provided 
by the typical representatives of the tools, jigs, and fixtures by forms of work. 

3. Norms for productive work, broken down into forms and categories of work, 
by equipment, and by shops. The starting basis of the norms for productive work are 
the technically justified standard times. 

lh. Norms of the length of the cycles of the preliminary and production design- 
ing, of the designing and building of tools, jigs, and fixtures, and for the con- 
struction and testing of the aircraft. 

De The norm graphs of the overlapping of work by project, and a detailed list 
by stages and assemblies. 

The directive graph classifies all the work on the new aircraft into theoreti- 
The theoretical work includes 


cal, experimental, productive, and miscellaneous. 


preparation of the preliminary layout drawing and the construction of the mockup. 
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The experimental work includes the construction of models, the building of 
various prototypes, the staging of experiments and tests. The productive work in- 
cludes the designing and construction of the aircraft, and its preparation for the 
first flight. The miscellaneous work includes the over-plan work on reworking of 
the drawings, correction of the design after the tests, and dispatch of designers to 
the plant at its request. Since such work proceeds throughout the entire design 
period, and cannot be predicted in advance, time for it is reserved on the graph. 

In the preparation of a directive graph, an approximate estimate is first made. 
by the chain method in the opposite order to the course of the production process, 
For this purpose, first the date of delivery of the aircraft for its first flight is 
laid out on the graph, followed by the cycle of preparation of the aircraft for its 
tests at the flight-testing and development base, by the cycle of final assembly of 
the aircraft, and finally by the cycle of assembly of the most labor-consuming major 
component, namely the fuselage or wings; parallel to this, the cycles of construc- 
tion and designing of the other assemblies and equipment are laid off on the graph, 
starting from the spacing of the release of the drawings and the established times 
of construction of the assemblies as indicated by the development plant. If all 
these stages fit into the period assigned for the creation of the aircraft, a pre- 
cise calculation of the work is then made for all stages, in order of precedence of 
their performance according to the graph. If the performance of the planned stages 
of the work does not fit into the period set aside for this purpose » then the cycles 
of the stages are reviewed, and methods for better coordination of the stages are 
sought. The calculation of the labor cost of the work on the project is established 
in the development production by three methods: statistical, convenida factors, 
and consolidated standard tables. 

The statistical method is based on the use of the report data of the develop- 


ment design office for aircraft previously produced. The aircraft closest Sr 


TAT 


being designed is taken as the base. The average actual time consumptions for the 


STAT 
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a) Theoretical and experimental work 9%; b) Designing work 22%; 


c) Production work 69% 


Total: 


Fig.70 - Directive Graph of Work on Designing, Constructing and Testing and New Aircraft 


e o 
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designing and manufacture of the aircraft, as found by the statistical method, are 
freed of the unproductive losses of working time fixed in the reports. The remain- 
ing labor cost is corrected in accordance with the average percentage of overful- 
fillment of the time standard that has been attained. ‘hus the corrected standard 
time for the earlier aircraft is established. The design under study is next com- 
pared with the earlier design in complexity and in the number of parts proposed. A 
correction factor is applied for these differences. A disadvantage of the statisti- 
cal method is the fact that it conceals the production losses. 

The method of conversion factors differs from the statistical method in that 
the original measure taken is the basic aircraft while all the other aircraft, with 
respect to this basic machine, are calculated by means of a conversion factor es- 
tablished for each. 

fhe method of consolidated standards is based on the development of progress- 
ive standards for the drafting, technological, and production work on each assembly 
of the aircraft, distributing its labor cost by forms of work and units of the as- 
sembly. As an example of such a standard we give the percentage breakdown of de- 


sign work for the external part of the wing of a British aircraft: 


2 

l. Tie-in drawings cccccsccccccccccscesccssee D — 10 
2. Detailed sedat on esooecocoooooooeoooo 5 
3. Experimental work inside the team .....4 2-3 
lh. Production drawings .«.eeecoccccccececececce BB = 72 

This last item includes: 

Front spar lis 15 

Rear Spar eeeecccccccccecccccooccccccccce 12 


(etc. ) 
By using this Table, it can (for example) be established that, if the relaane 


of the production drawings for the front and rear spars in January is prescribed by 
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the graph for the wing team, then the delivery production of the wing team in Janu- Department of Technical Documentation: 


ary will be 27%. : Writers *9€9€0*99096606009009€9009090600€0€0€0€00€0090292000000090600607 2.15 
pm 


The distribution of work between the development design office and the develop- e | * Artists 3.09 


ment plant, and their productive units, is accomplished by the production planning Trainees 3.85 


department on the basis of the standards and, where no such standards exist, on the 


basis of experience and statistical data. Statistics show that for each hour of ae 


design work spent by the development design office, the development plant spends an The planned labor cost of work for the fabrication of tooling, dies, jigs, and 


average of 2.5 - 3 hrs. Starting from such a ratio between the elements of the 


Work Performed 
by the Team in % 
of All Work of 
Designing the 
Aircraft 


Work Performed by 
the Shop in % of All 
Work on the Con- 
struction of the 
Prototype Aircraft 


work, the time necessary for designing the aircraft and the time required for its 


| Team of Devel- 


construction are established. ! opment ; Design 
í Office 


The planned labor cost of the designing work is distributed between the teams | 


Shop of Devel- 
opment Plant 


of the development design office and the shops of the development plant on the basis 


General plans Casting-forging 7 
of the standards of the ratio between the capacities of the teams and shops. derod ius Fabricating aoi 
As an example of the distribution of the labor cost of work in the designing ind Carias e 
and construction of an aircraft between the teams of the development design office e í e Wing Machining 18 
and the shops of the development plant, we give a Table (below), compiled from the aM Wing center Fibting-welding a 
data of one development enterprise. section Woodworking 5.5 
| The distribution of the volume of planning work within the OKB can also be pi n m Assembly 26 
A based on the ratio of the workers of various specialties in the OKB. iaa a and oe 
The following is the approximate percentage ratio of workers by specialties, Empennage Mockup 3 
in a British design office. dis Lofting and 
i 8 
| P template 3 
| Equipment 
Tools 3 


Designers e€*€90999€0900090090060000000000000090609000902000900€ 56.90 Special Equip- 


ment Dies, Jigs, and 
Lofting engineers 6cc009ce000900000002000900000090«2o0cceoc« 6.88 fixtures 3 
Controls 
Stress analysts €e0900009096000009000000909000900900900009099900€ 11.58 Heat treatment 1 
Weight estimators 9*0990999009000900900060600000900000000900000 3.38 


Aerodynamicists *€696069090099009000090820009000600600600990600900000029 l.'75 Total = oc d 


P STAT 
fixtures and for the construction of prototypes of the aircraft is likewise distrib- 


Technologists **090990000090000909000090000990509999099090909 7.42 o 
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uted between the primary and auxiliary shops of the development plant according to 


rective for the workers of the development plant, and must be fulfilled without 


consolidated norms. qualification or quibbling, and also serve as the original documents from which the 


As will be seen from Fig.70, the work of a development enterprise in the crea- teams of the development design office and the development plant set up the working 


tion of a new aircraft is divided into stages. 


plan graphs. 


The calculation of the cycle of the stage C, is done by the formula* 


Working-plan graphs on the project are prepared by the team, department, labo- 


Esa TT ratory, and shop. To prepare a working graph, the chief of the team receives from 
Pus Dy (ER) the planning-dispatcher office of the development design office the original data: 


a consolidated schedule of the work to be done and its standard labor cost, the 


where Tye, is the design labor cost of the work per stage, in standard man-hours; 
Tout is the labor cost of the work subcontracted outside the plant; 
Pmean iS the average daily number of workers in the given stage; 
Dy is the length of the working day in hours; 
Kj is the factor of overfulfillment of the existing norm; 
Ko is the planned factor of growth of labor productivity. 

The more widely the parallel and sequence-parallel performance of work on the 
stages is organized, the shorter will be the cycle of creation of the new aircraft. 
The end point of the cycle is the deadline for delivery of the aircraft for the 
first flight. 

The graph of work completion on a theme shows the cumulative total of work per- 


formed in percent, and in standard man-hours. The work performed includes only the 


finished production of the development design office, i.e., the drawings turned 


Fig.71 - Graph of Growth of Completion of Work on Project 


over to production and the work done on construction of the aircraft. From this 


The dash-dot line is the plan. The solid line is the 


graph, the Central Administration of the Ministry and the development design office 


fulfillment of the plan 


conduct the recording and control of the deadlines and the volume of work actually 


performed (Fig.71). a) % Completion; b) Months 


The directive graph and the graph of work completion on the project are a di- 


dates of beginning and end of the work of the team on the project, the' sequence of 


* The result is obtained in working days. To reduce this to the calendar period , pO REPEL ee O E worenoc devel aptent. SDN n Ie Pepee STAT 


> 


a correction factor must be applied to the numerator. growth of the completion of work. 


A A 5 ee A A A RE A RL a rr eR p 
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The dispatching of the design work has the aim of ensuring uninterrupted per- 


For setting up the graph, the chief of the team prepares a schedule of work on 


the project. | formance of work at all units of the OKB in accordance with the directive and oper- 
The schedule contains a list of all work of the team on the assembly (or equip- eo | 0 ative plan-graphs. To decide this question, the dispatcher service performs daily 
ment) and of all the production drawings to be released to the development plant. In | observations, accounting, and control of the performance of work by each unit and, 
; this schedule, the chief of the team indicates the persons doing the work for each | in accordance with the operative plan, organizes the uninterrupted servicing of the 
| position and the time of his completion of the work. The schedule is checked by the | units of the OKB. 
| technological and production-dispatcher departments for correct indication of the ! The accounting and control of the work performed is handled by the dispatcher 
| priorities and release dates of the drawings for the assembly in question. On the | service for each project, with respect to dates and volume, to parts lists, to com- 
| basis of this schedule, a team graph is prepared, showing, in accordance with the ; pleteness of sets and degree of technical completion of the project, and is accom- 
| directive graph, the times of performance of the work enumerated in the schedules | plished by the aid of graphs or accounting-control charts. 
and the persons to perform the work in each position (Fig.72). If the team is con- | Accounting-control charts are kept for each unit in ascending consecutive order 
nected with another unit during the work, then the graph will indicate the times of | of part numbers. The form of the record-control card is shown in Table 24. The card 
| the receipt of documents from this unit, or of delivery of documents to it. ; gives the plans and actual dates of the delivery in sets of drawings, process plans, 
: The working graph of the team is elaborated by the plan-dispatcher office and | and tooling for the unit. The record is kept daily on the basis of the basic de- 
! is approved by the superintendent of the OKB. e e livery documentation, the accompanying service schedules, invoices, and work orders. 
i The monthly plans of the departments, teams, and shops contain a schedule of EE The record of technical completion of the project is kept on the basis of the 
1 the work to be performed in the planned month, taking account of the socialist ob- ` i technical report of the departments and shops. The technical reports on the proj- 
. Ligations assumed by the collective. On the basis of the monthly plans, an indi- : ects are used in developing consolidated standard times, since the reports contain 


the total data on the number of drawings, flow charts, and special tooling prepared. 


PETRA 


vidual assignment is prepared for each designer. 


ds 


The summary plan-graph is prepared by the plan-dispatcher office in case the 
i E E Section 6. Organizational Forms of Liaison between OKB and Series Enterprise 


schematic plan of the OKB has not one project but several. The summary graph is 


required for coordinating the times of performance of the projects, for assigning The organizational forms of liaison between the OKB and the series plant has a 


the necessary number of workers to each project, for uniform loading and complete considerable influence on the period of introduction of a new aircraft in series. 


utilization of the capacity of the units of the OKB and the development plant. The There are two, forms of liaison between the OKB and the series plant. 


summary graph is prepared for the year and is elaborated by quarters and months. In one form of liaison, the OKB has its own development plant which builds the 


MÀ "ERES 
E 


LATAS 


To prevent the development production from having breaks in work, the process prototype, delivers it for the plant and State tests, and then elaborates the proto- 


type. In this form of liaison, the OKB is based on a definite prime series plant. 


of designing and constructing experimental aircraft must be continuous and must be 
STAT 
The prime series plant maintains direct liaison with the OKB, revises the aevel- : 


conducted simultaneously. for several objects. ; e» 


STAT 
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opment drawings into series drawings, and supplies them to the secondary plants. 
With this form of liaison, the chief designer knows in advance the capabilities of 
the series enterprise, and the workers of the series plant receive advance informa- 
tion on the new aircraft. f 

A great disadvantage of this form of liaison between the OKB and the series 
plant is the great length of the cycle from designing of the aircraft to tooling up 
of the series production with the new equipment for producing the aircraft. 

To eliminate this fault, the tooling up of the development and prime series 
enterprises must be planned according to a single graph, requiring a transition to 
parallel and sequence-parallel organization of the technological work of the OKB 
and of the prime series enterprise; the necessary new tooling must already be de- 
termined at the stage of designing the new aircraft. 

he other form of liaison between OKB and series plant is used in the case where 
the OKB has no development plant of its own. The construction of the prototype 
aircraft and the production of the type series of aircraft is accomplished by the 
series plant. This form of liaisonis necessary primarily for OKB that design large 
aircraft which a development plant is unable to construct in a short period. The 
advantage of this form ofliaison is the fact that the OKB is brought closer to the 
series plant, and the drawings of the prototype aircraft are worked out better. 

In the United States, a new form of organization of the development productis 
is used in the construction of heavy and superheavy aircraft. In this form, the 
experimental design office is located at the prime series plant which builds the 
prototype and the type series of aircraft. The development design office has a 
special development shop to do its current production work. this system of organi- 
zation of the development production is explained by the Americans by the fact that 
the testing and ¿la boratidn of modern heavy jet aircraft has become do complicated 
that it is now impossible to do this Work on one or two sample prototypes without 


STAT 
involving an extended delay in putting the prototype into series production. For 


STAT 
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this reason, American aircraft manufacturers do not build a single prototype but a 
series of 10 - 30 aircraft, on which the tests and elaboration of the new design are 
carried out in parallel. The Americans consider that the additional expense for 
building the experimental series is made up by the design, and technological elabo- 
ration of the new aircraft in shorter times, and by the rapid development of its 


series production on a large scale. 
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CHAPTER X 


ORGANIZATION OF THE TECHNOLOGICAL PREPARATION FOR PRODUCTION 


Section 1. Purpose and Tasks 


The technological preparation of an aircraft construction enterprise must en- 


visage the use of new technology and advanced methods of organization of production 


ensuring the output of aircraft of new design in a short period, at high rates and 


with the maximum economy of action and materialized labor. 


Because of the frequent replacement of the articles in a series aviation enter- 


prise, the following stages periodically recur there: preparation for production 


of an aircraft of new design; mastery of the processes of manufacturing a new air- 


craft by the production line; series production of the new aircraft and mastery of - 


its modifications. 


The primary task of the technological service in the stage of preparation for 


production is to prepare the primary production to manufacture the new aircraft in 


a short time and with a minimum of losses. This problem is solved by application 


of the technological advantages of the new design of the aircraft; by planned uti- 


lization of the capacities of the auxiliary and primary shops; cooperation and 


specialization of prime contractor and subcontractor in the designing and manufac- 


ture of the tooling for the new aircraft; by temporary utilization of the personnel 


and equipment of the primary shops for work on the tooling-up. For instanSTAThe 


workmen of the fabricating shops are used for building templates, mandrels, and the 


STAT 
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workmen of the machine shops and fitting-welding shops for building dies, jigs, 
fixtures, and tools. The extent of the material losses and, mainly, of the stop- 


pages of equipment and workmen of the primary shops will differ, depending on how 


the old aircraft is taken out of production and the new aircraft put into it. ‘these 


losses are particularly great if the machine is suddenly removed from series pro- 
duction, without using up the existing production spares. On the other hand, these 
losses are minimized if the enterprise is informed in proper time on the type of the 
new aircraft and the dates of putting it into production, and if the start of the 
production of the new aircraft and the continuation of the output of the old are 
coordinated in time, so that the closer the new aircraft is to the initial stage of 
production, the more the old aircraft is displaced from production. Such an organ- 
ization of the change-over to the production of a new aircraft allows the primary 
production to go on without stoppage and makes it possible to use up the existing 
parts for the old aircraft. 


In the stage of mastery of the manufacturing processes of the new aircraft, the 


Fig.73 - Graph of Output of Air- 


PES b) b) 


Fig. 7L, - Graph of Output of Air- 
craft with the Flattening Curve craft at Uniformly Increasing 
of Growth of Output Rate of Output 
a) Number of aircraft; b) Period a) Number of aircraft; b) Period 


of output of output 


primary task of the technological service is to minimize the period of mastery of 
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the new aircraft by the primary production and to speed up the output of aircraft at 
high rates. This is more economically effected when, by the beginning of the pro- 
duction of a new aircraft, high-grade tooling has been fabricated and carefully 
verified on the first, or type series of aircraft, when completeness of set and pre- 
scribed priority are observed in the fabrication of the series tooling, and, final- 
ly, when the head program of aircraft output is most rationally distributed among 
the months. It is uneconomic when the primary production is at first assigned high 
rates of growth and output, and then the growth of the program slows down and final- 
ly stops at some level (Fig.73). This leads to irregular intensified production in 
the first month of output and to slowing down the production at the moment when the 
shops have mastered the production and picked up speed. 

It is desirable to distribute the program so as to assure the planned increase 
of the rate of output of aircraft throughout the entire year (Fig.74). 

At the stage of full development of the series output of the new aircraft, the 
principal task of the technological service is to encourage the growth of the rate 
of output of aircraft and the uninterrupted growth of labor productivity. The en- 
gineering staff and the auxiliary shops must foresee the development of the primary 
production and be ahead of it with the tooling, assuring the growth of the capacity 
of the primary shops and the reduction of the labor cost of the article. 

At the stage of reorganization of the series production for the output of a 
modified aircraft, the primary task of the technological preparation is to change ' 
over the primary production to the manufacture of aircraft with the new modifica- 
tion, without reducing the rate of output. This is accomplished by timely notifi- 
cation of the series enterprise as to its preparation for the output of a prototype 
in the new modification, the release of checked drawings of the new modification to 
production, and its planned introduction in series. If the modifications relate to 
one assembly, fcr example the landing gear, the work of all the remaining shovs 


STAT 
proceeds normally at the level of the rates already attained. The task of the tech- 
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nological system consists in pulling up the landing-gear shop to this level in a 
short time. For this purpose, the capacity of the auxiliary shop is switched over 
to the production of new tooling for the landing-gear shop, the workmen of this 

shop receive thorough production instruction on the new operations, and the progres- 
sive wage Syston is used to perform the higher shift assignments. If the modifica- 
tions cover many assemblies, and the process is modified in a number of shops, the 
engineering staff determines the changes introduced by the new modifications in the 
parts and units, and prepares a schedule of the new tooling and of the priorities of 
its fabrication. In this period, the capacity of the auxiliary shops and tooling 
work shops of the primary shops is shifted over to tooling up the operations due to 


the modifications in the machine. 


Section 2. Stages in the Process Design 


Three stages are distinguished in the designing of series aviation technology: 
the initial stage, during which the original guiding technical documentation and 
the graph of the preparation of production for the output of the new aircraft is 
worked out; the intermediate stage, during which the tentative processes are devel- 
oped, together with the tooling prescribed for them; the concluding stage, during 
which the permnent series processes are developed together with the tooling neces- 
sary forthe complete tooling up of the series production. 

The original directive technological documentation, which is termed the direc- 
tive technology at the enterprises, determines the technical level and the order of 
designing the tentative and series technology, and introduces purposefulness, co- 
ordination and planning into the work of the agencies preparing production. 

" The tentative technology has its reason in the impossibility of simultaneous 
fabrication, by one enterprise, of the numerous and varied tooling prescribed by the 
permanent version of the series technology. Therefore, the series enterprise builds 


the type series and the first few series of the aircraft by a tentative technology 
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with tooling of the first round. 


The tentative version of the technological process is formalized in the docu- 
ments of series technology with the title “tentative, indicating the period it is 
to be in effect. 

The series technology is planned by taking account of the complete tooling up 
of the shops of the primary production, and provides for the application of advanced 
technology and labor organization in it. 

The entire volume of the work on the design of the series technology is dis- 
tributed between the central office of the chief technologist and chief metallurgist 
and the technological staff of the primary shops. 

The central technological staff is charged with working out the directive 
technology, all intershop questions on the tentative and final versions of the se- 
ries technology, the methodical leadership of the work of the technological staff 
of the shops, and the control of the quality of their work. 

The staff of the technological bureau of the primary shops is charged with de- 
veloping the tentative and permanent versions of the technological process on the 
production list of parts, units and assemblies assigned to the various shops. 

In working out the temporary and series technology, the product list and a- 
mount of tooling must correspond to the number of aircraft to be produced. It is 
economically-disadvantageous to fabricate tooling for a small-lot production in the 
same quantities as for a large-lot production. This lengthens the periods of tool- 
ing up and excessively increases the production cost of the aircraft. 

To reduce the amount of tooling at the advanced plants, special attachments 
are replaced by universal rapid-acting standardized attachments; the pressure, cut- 
ting, and assembly tools are standardized; and the units (for instance, stringers) 
are directly produced in the tabular dimensions without using the templates of the 


contours; the jig assembly is used directly on the templates of contour conte AT 


etc. 
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Section 3. Composition of the Directive Technology and Procedure for Its Develop- 
ment by the Staff of the Chief Technologist and of the Chief 
Metallurgist 

The directive technology contains the fundamental technological, organization- 
al, and economic propositions, by which all units of the enterprise participating 
in the preparation for production must be si The directive technology deter- 
mines the order of the control and formalization of the series drawings; the periods 
and sequence of their release to production; the fundamental propositions on the 
designing and the order of the tooling up of the processes for various forms of 
Work; the measures ensuring the interchangeability of the aircraft parts, the mutual 
tie-in, for these purposes, between the assembly and fabrication tooling; the tech- 
nological schemes of assembly of the aircraft, its aggregates, sections and master 
units; the specifications for the designing of assembly jigs; the classification of 
the parts and units of an aircraft into standardized, unified and original, indi- 
cating the rational tooling and advanced forms of production organization for each 
group; the specifications for the delivery of parts, units and assemblies from shop 
to shop; the type of shops, their number, and the Jist of products produced by 
them; the flow sheets of the parts and units and the forms of their grouping into 
plan groups. 

The work on the preparation of the directive technology takes place in the 
following sequence: After receiving the order to put a new aircraft into produc- 
tion, indicating the dates of production of the type series and the program for the 
current year, ihe chief engineer of the prime enterprise instructs the chief tech- 
nologist to prere a thorough directive graph of the preparation for production 
and sets forth the principal propositions by which all units of the enterprise must 
be guided. On the basis of the instructions by the chief engineer, the work is 
carried on over a wide front, and from the very beginning the chief technologist 


and the chief metallurgist give that work the properties of plan and organization. 
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Not only the staff of the chief technologist and chief metallurgist are used in 
working out the directive technology, but also the heads and senior technologist of 
the technological bureaus of the primary shops, together with workers of the OKB, 
NIAT, and the secondary series plants. Such collaboration accelerates the prepara- 
tion for production and allows a more rational solution of the questions. 

The development of the directive technology begins with the study of the OKB 
drawings for the new machine, their technological control and formalization into 
series drawings. 

Formalization of the Series Drawings. The OKB delivers the drawings for the 
new aircraft to the series-design department (SKO) of the prime series plant, This 
department continues the designing and technological elaboration of the prototype 
With respect to the series production of the secondary plants. The work of the SKO 
on a new aircraft begins with the acceptance of the technological documentation 
from the OKB, its recording, and the establishment of a definite procedure for its 
storage and utilization. The sequence of formalization of the OKB drawings into 
series drawings, and the dates of their release to the departments and shops is 
established by the chief technologist of the prime series plant. Before release of 
the drawings to production, the series design department runs design and technologi- 
cal checks on the OKB drawings. For this purpose, the SKO blueprints the OKB draw- 
ings and issues them to the teams of its own department for checking the correct- 
ness of the dimensions indicated in the drawing and the presence on the drawings of 
all data necessary for manufacturing the aircraft in series; to the departments of 
the chief technologist and chief metallurgist to establish conformity of the draw- 
ings with the demands of large-lot production and to determine whether the 
industrial-branch and plant standard parts are being completely used; and to the 
lofting and template shop for laying out the loftings, coordinating them, and pre- 
paring master contour templates (ShKK) from the loftings. STAT 


All comments made in checking the drawing are entered in the draft of the 


STAT 
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drawing refinement sheet (LUCh). These sheets are delivered in sets for each unit 
or group by each department to the SKO. ‘The designers, when making the geometric 
check of the OKB drawing, look over the refinement sheet with the comments of the 
technologist, metallurgist, lofting man, and standardizer, and if they are in agree- 
ment with these comments they receive permission by the ahief designer to introduce 
the changes in the series drawing, formalize the series drawing and have it 0.K.td 
at the OKB. Differences of opinion arising between designer, technologist, and 
standardizer are decided by the chief technologist and the assistant chief designer 
for the series. The series drawings, in addition to the O.K.'s by the OKB and SKO, 
must also have the signatures of the chief technologist or chief metallurgist. 
Without such signatures, a series drawing is not valid. The series drawings, bear- 
ing all 0.K.ts, are released by the SKO teams, in complete sets by units and as- 


semblies, to the technical file room of the SKO for registration, reproduction, 
storage and transmission to the technical file rooms of the departments of the chief 
technologist and chief metallurgist, the superintendent of production and of the 
primary shops. 

The fundamental directive propositions are formulated for each type of tech- 
nological work and contain individual formulations for the technologist and tool 
designers, which determine: . 

' Methods of processing (assembling) and inspection to be used for the given 

form of work, and the means for their mechanization; 

Differences between the tentative and permanent.versions of the series tech- 
nology, sequence and order of the tool fabrication; 

Coordination of the technology of various stages and the matching (jointing) 
of their tooling, for instance, matching of the fabricating and. assembly 
tooling; 

Forms of the rhythmic flow of work to be used in assembling the article and 


. its major components and in processing the unified and most labor-consuming 
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units and parts; 


Instructions, standards and standard time Schedules to be used as guide for 
the technologists in the designing work. For instance, in designing such 
mass and uniform processes as welding, heat-treatment, or riveting, the in- 
structions, standards, and typical processes developed by the VIAM, NIAT, or 
by the enterprise itself are indicated; for setting up the standard pay rates 
for the various types of work and for calculating the operating time stand- 
ards, the relevant manuals and standard time tables are indicated; for de- 


signing the tooling, the standard parts and albums of typical tooling, the 


limitations on the applicability of tooling and other reference material are 


indicated. 


To ensure interchangeability of major aircraft components between plants, basic 
regulations on interplant interchangeability are formulated; a list of the major 
aircraft components to which such interchangeability applies is compiled; the basic 
templates determining the interplant coordination of major aircraft components are 
listed; schemes of coordinating the assembly tooling with the master tooling are 
Worked out; and schedules of the masters and control masters for the assembly tool- 
ing, and of the other means of control, are issued, indicating the distribution of 


their designing and fabrication between the cooperating prime and secondary enter- 


prises. 


The major-assembly process charts determine the sequence of entry of the units, 
sections and compartments into the assembly and show the principal Stages into which 
the major assembly is divided. On the basis of the process chart of the major as- 
sembly, the process offices of the assembly shops develop the working technology, 
and the bureau of technological planning of the chief technologist establishes the 
primary technological sets. To supplement the assembly process charts, the division 
of assembly-riveting and assembly-fitting work of the chief technologist, inSTATap- 


oration with the technologists of the assembly shops, prepare the specifications for 
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the designing of the assembly tooling, introducing unity and standardization in 
their forms, and (on all of the most important installations) instructions showing 
how the installation is correctly to be performed. 

The classification of blanks, parts, and units into standardized, unified (typ- 
ical) and individual, is necessary as the initial basis for the designing of typical 
processes and typical tooling. This classification is based on the grouping of 
parts and units by similarity of their design-technological criteria. Such cri- 
teria, for the parts of the processing shops, are the material, shape, and dimen- 
sions of the part (or unit), the accuracy class, the min operations and their se- 
quence, the equipment and its tooling. In other shops, these criteria may be re- 
placed or supplemented by other criteria which are important for these shops. For 
instance, for welding shops, the type and conditions of welding are important; for 
heat-treatment shops, the thickness of the parts and the duration and temperature 
of heating. 

The classification of blanks, parts, and units is of great economic signifi- 
cance. It permits specializing the productive departments and sections to process 
unified parts of units; avoiding discrepancies in the method of processing, in the 
designing of tools and in the time Standards for similar work; arrangement of the 
equipment according to the course of the typical process; increasing the specializa~ 
tion and mechanization of the labor processes and more complete utilization of the 
equipment. 

The specifications for deliveries from shop to shop of parts, units and as- 
semblies determine the form and accuracy yielding maximum economy, from the plant- 
wide point of view, in delivering the blanks to the machining and assembly shops; 
the depres of completion and the set of installations with which it is most economic 
to supply the assemblies to the final aircraft assembly shops (bearing in mind the 
necessity of shortening the cycle). The specifications contain the fundamental 
regulations applying to all blanks. 
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The type and number of the shops, and the list of their commercial (or deliv- 
ered) production, are established, starting out froma number of general and special 
criteria. The general criteria are the forms of work and the labor cost, 

The labor cost of work is the main measure determining the economic expedience 
of organizing an independent shop. For instance, under the conditions of small-lot 
production there may be a single general machine Shop. Under the conditions of 
large-lot production, however, a number of specialized machine shops are organized, 
for the landing gear, hydraulic assemblies, etc. 

The special criteria are Specific for each stage of production. For the fabri- 
cating shops, the special criteria are the kind of material and the dimensions of 
the blank. For assembly Shops, the special criterion is the breakdown of the air- 
craft into assemblies, compartments and panels. 

To determine the type of shop and its schedule of work, it must also be remem- 
bered that the specialization of the shop is to encourage the improved utilization 
of the existing shop equipment and the use of new technology; that the assignment 
of parts and units to the Shops must provide for a straight-line flow of work be- 
tween shops; that each preceding stage of production TT the succeeding 
Stage to the maximum extent. Thus, the airfield shop is relieved from Work that can 
be more economically done at the final assembly shop. The final assembly shop re- 
ceives assemblies completely prepared for jointing. An exception from this rule is 
constituted by cases where earlier installation of the instrument or assembly means 

a considerable increase in the consumption of working capital. For instance, the 
process chart of assembly allows the installation of the engine either in the fuse- 
lage or in the wing shops. This would free the aircraft assembly line from the 
labor-consuming work of installing the engine. However, economically this would not 
be rational, since it would lead to a considerable increase in the reserve stock of 


expensive engines. STAT 


The technological characterization of the shop shows the technological processes 
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performed in the shop, the composition of the commercial production of the shop, and 
its distribution among the consumer shops are shown; together with a short charac- 
terization of the production departments and sections of the shop, the intermediate 


operations (heat treatment, painting work), and the places where they are performed; 


. and the services rendered by the given shop to other shops. On the basis of the 


technological characterization of the shops, the staff of the chief technologist 
establishes the flow sheets of the parts and units, while the primary shops elabor- 
ate the productive structure of the departments. 

Ihe flow sheet (shop distribution schedule) establishes the primary shops 
through which each part is to pass in Succession, in order to enter the unit and 
major component. For this purpose, definite design groups of the aircraft, parts 
and units are assigned to each technologist at the bureau of technological planning, 
and he must schedule the shops for them; for each unit he draws a technological 
planning chart" (cf. Table 25). 

This chart determines the list of parts entering into each unit, their flow 
through the shops in accordance with the manufacturing process, and the method of 
collecting the parts into sets for the unit, 

Blueprints of the technological planning charts of the bureau of technological 
planning are delivered to the file-room of the series designing department (SKO) 
which assembles the drawings into sets and issues them, together with the techno- 
logical planning chart, to the shops and departments of the plant, 

The methods of preparing the technological planning charts are by design 
units (KK) and by process sets (TK). 


The method of preparing the charts by design units (KK) is in complete agree- 


ment with the method of breakdown of the aircraft into units that has been adopted 


*At some enterprises, the technological planning charts are replaced, in order to 
simplify the work, by & stamp on the drawing indicating the flow sheet of the parts 


shown in the drawing, 
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by the chief designer. With this method, there may be as many technological plan- Es 


ning charts for each design group of the aircraft as there are units in the group. 


k n ad 
If there are only a few parts in the design units, then a general technological 1 | $ Final Assembly of 


Aircraft 


| planning chart is made up for such units, This designing method is simple, but is 


One Component 


Component TK 


for the aircraft assembly, 01-2 - 
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In preparing charts by process sets (TK), the parts and units are combined into 


inferior in that it does not assure the supply of parts and units in complete sets | 
| 


process groups, ensuring complete delivery of parts and units for one of the follow- 


Component TK 


For Final Assembly of Aircraft For Major Assembly 


Route directly for major 


Component TK 
For Major Assembly Fuselage Fralework 


Route through Shop 1 


ing stages of assembly; final aircraft assembly; preliminary aircraft assembly; 


major assembly outside the jig; major jig assembly; and unit assembly. 


The process sets in their purpose and content are subdivided into leading and 


component, 


For final assembly 
of aircraft route 
through Shop 2 


Ihe leading process sets are prepared within each assembly shop by subdividing 


Route directly for 


the final aircraft assembly or the major assembly into individual technologically fuselage framework 


complete stages of assembly. For instance, from the schematic diagram given in 


Fige75 for the assembly of the wing center section of the twin-engine air- 


Route through Shop 3 Route through Shop 2 Route through Shop 1 
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into 15 technologically complete stages, each of which constitutes a leading process - 
Route through Shop 2 


| 

| 

| | 
i i 

| | 
| 
i craft 11-12, it will be seen that the assembly of this major component is divided | 
| Route through Shop 3 
t 


Route through Shop 4 


Will be assigned to various lead groups. For instance, the process sets 


Nosell, 12, 13, 14, and 15 will be assigned to one lead group because they are as- 


Route through Shop 5 Route through Shop k Route through Shop 3 


sembled in one stage of assembly; process sets Nos.6, 7, 8, 9, and 10 will be as- 


14 Compo-| 27 Compo- | 78 Compo-|144 Compo- 80 Compo- |22 Compo- 
nent nent TK nent TK nent TK nent TK nent TK 


signed to a different lead group since they are assembled at another, and later, s 


set. Starting out from the sequence of assembly stages, the leading process sets P 
stage of assembly, The number of leading process sets within each lead group de- | 


Total for machine: 12,000 parts 


pends on the amount of assembly work. For instance, for light aircraft, all the | 


Total 366 
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assembly work on the vertical fin goes into one leading process set, all the as- 


sembly work on the stabilizer goes into another leading process set. The larger 
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Fig.76 - Diagram of Breakdown of Aircraft into Lead Groups STAT 


and ng and Component Process Sets 


assemblies of the same aircraft, for instance the wing and the fuselage, have more (4 e 
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assembly stages and more steps within the stages, and consequently also a larger 


.number of leading process sets (Fig.76). 


A component process set consists of a set of parts produced by a fabricating or 


processing shop and entering into a single leading process set. To establish the 


‘number of component process sets within each fabricating or processing shop, all the 


parts manufactured by the shop are grouped into sets, each of which enters only into 
one leading process set. 

In.the fabricating and processing shops, the component process set is the basic 
planning and accounting unit of the setwise delivery of commercial production, 

The directive technology must encourage the enhancement of the technical level 
of production in every way. 

It is binding for the shops and should be sufficient to work out the detailed 
(working) technological documentation in the shops. For the methodical guidance and 
control over the course and quality of the planning of the series processes by the 
shops, the chief technologists and metallurgists assign, from their departments, a 


managing technologist to each shop or group of similar shops. 


Section 4. Composition of Series Technology and Procedure for its Development by 


the Technological Bureau of the Shop 


On the basis of the directive technology, and in complete conformity with it, 
the technological bureau of the primary shop will design, at first the tentative 
process and\then the series process, in the following sequence: 

Assignment of parts to the departments (or sections) of the shop and estab- 

, lishment of the flow within the shop; 

Designing and economic justification for the processes of parts manufacture 
and quality control; 

Selection of equipment and synchronization of operations; 

Preparation of wage scale for work and establishment of technically justified 


standard times for it; 
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Development of specifications for the blanks and parts delivered by other 
Shops; 

Listing of the requisitions for tooling with specifications annexed to the 
requisition; 

Calculation of progressive standards of consumption of materials and tooling; 
Preparation of specifications for materials, semifinished articles and tool- 
ing; 

Planning of work stations of workshop (or section), and of shop; 

Elaboration of process chart and elaboration of tooling. 

The parts and units are assigned by departments (or sections), starting out 
from the forms of specialization of production. 

The departments and their units may be specialized to process parts for deliv- 
ery to one consumer shop; to process parts entering into one and the same design 
units; to process parts to be delivered to the assembly line in matched or assembled 
form; to process parts that are the same with respect to materials or dimensions; to 
process uniform groups of parts. The assignment of parts to each section should 
ensure the fullest utilization of the equipment with respect to capacity and to time 
of useful work. The specialization of the departments to process uniform groups of 
parts or to assemble unified units simplifies the flow within the shop and reduces 
to a minimum the transfer of parts to stores or other sections, To eliminate lack 
of personal responsibility in the work, the detailed operations inside the depart- 
ment are assigned to specific work stations. 

The designing of the process of manufacturing the parts, and of quality con- 
trol, includes: selection: of the part; selection of the methods of processing or 
assembly; breakdown of the manufacturing process into operations and steps; selec- 
tion of equipment, tooling, and tools; establishment of the conditions of their use; 
preparation of pay scales for the work; calculation of standard time per operation; 


TAT 


establishment of the method of quality control of the product. (The methods and 
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Table 26 
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means of quality control are adopted by the technologist in agreement with the shop 
inspection department. ) All of this is subordinated by the technologist to the main 
problem, namely that of ensuring good quality of production, a high level of labor 
productivity, and an economical utilization of materials. 

In order to fulfill this task, the technologist, in accordance with the drawing 
and the specifications for the article, gives the method and means of its manufac- 
ture and control, and designs the process, allowing for the utilization of advanced 
experience, combined mechanization of the primary and auxiliary work and the ration- 
al organization of the work stations. In order to have the workmen learn the new 
process in due time and assimilate advanced experience, the technologist informs 
the OPK, through the bureau of labor organization and the shop superintendent, of 
the operations and new methods of work in which the workman must be instructed, 

The procedure for the formalization of the process chart depends on the form 
of the work and the kind of part (or unit). 

A summary process chart is prepared for their original details, and (in the 
case of complicated operations) operation charts are set up. 

A summary process chart is prepared for a part, a unit, or an assembly. The 
chart shows all operations, processing, assembly, inspection, and preservation, in — 
the order in which they are performed. The intermediate operations, heat treatment, - 
sand blasting, coating, des merely named in the chart, since they are covered by the 
technologists of the intermediate shops in their own process charts. 

The operational process chart (cf. Table 26) is a supplement to the summary 
chart and is prepared in series production only for complicated operations. In the 
operation chart,. the operations are broken down into steps, and the sequence of 
these steps is indicated. 

A typical process chart is made out for each group of unified parts. A schedule 
is annexed to the typical chart, listing the parts entering into the typical proc- 


ess and the standard time for each part. 
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In working out the typical processes, the technologist does not need to repeat 


in its entirety the content of the process for each process chart; it is sufficient 


merely to refer to the typical process or to the corresponding production instruc- 
tions, l 

The order of performing the operation shown, as indicated in the process chart, 
is compulsory, and any deviation from it is a violation of technological discipline. 


Choice of Equipment and Synchronization of Operations. 
ment and establishing the duration of the operations, the technologist must start 


In selecting the equip- 


from the fact that the more improved the equipment and its tooling, the more rapidly 
and continuously will the labor process be performed, and the less time it will take. 

For one machine to deliver work to another machine continuously, it is neces- 
sary to establish a definite ratio between the number of different machines, taking 
account of the speed of their operation. In breaking down the process of machining 
and assembly into operations, it is necessary to provide that the operation times 
are equal to, or multiples of, the base of coordinated, rhythmic and continuous op- 
eration. 

The establishment of the technically justified standard time for the operation 
is not the business, in aircraft building, of the technologists but of the standards 
man. For the calculation and standardization of the standard time per operation, 
the technologist submits the process chart for the part (or unit) to the standards 
man, who enters the standard in the process chart, initials the chart and returns it 
to the technologist. This procedure for establishing the standard times is incor- 
rect in our opinion, since it in fact deprives the technologist of his responsibil- 
ity for the standard time, which is the fundamental economic criterion of the ra- 
tionality of & process, 

Under the existing system of organization of the work of the technologist and, 


standards man, most of their working time is not spent on creative work, i.e., on 


improving the processes and standards, but on the formalization of ewes Teens of 
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documentation, Every effort should be made to reduce the number of operation charts, 
to cut down excessive detail in the process descriptions, and in every way to dimin- 


ish the amount of technological documentation, taking account of the increasing 


qualifications of the personnel. 


The formalized process chart is approved by the chief technologist of the plant. 
All inspection steps and all inspection means shown on the process charts are ap- 
proved by the chief plant inspector. 

The intershop specifications for blanks, units and assemblies are drawn by the 
technologist in cases where the necessary data are not clear from the drawing. For 
instance, in order to secure a rational blank, it is necessary to indicate the meth- 
od of its fabrication, the basis for its attachment to the machine, and the machin- 
ing tolerance, The intershop specifications are technically and economically sub- 
stantiated and, after approval by the chief technologist or chief metallurgist, are 
forwarded to the corresponding shop fabricating the blank (or part or unit). 

Orders for designing of tooling are drawn by the shop technologist by selecting 
from the process chart the tools and attachments indicated in it, subdividing them 
into special and standard. For a standard tool, a schedule of the tools required 
is prepared and delivered to the tool department, for it to order and acquire the 
tool from outside the plant. An order is made out for special tooling, with annexed 
specifications. Such specifications must fit the tools as designed. 

Computing the Standards of Tool and Material Consumption. The consumption 
standards for a tool on the machining of each part are established by the technol- 
ogist on the basis of progressive standard Tables of the duravioh and resistance of 
the tool. The record of the tooling prescribed by the process chart for each part 
is kept in two tool charts for the part. In the first chart the technologist enters 
only special: tools and tooling, and in the second only' standards, 

The technologist has the duty of standardizing the consumption of primary and 


materials whose use is prescribed by the aircraft manufacturing process, 
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The basic data for establishing the material consumption standards are the drawings, 
the process chart, the tolerance standards for processing, and the net weight of the 
part (unit or assembly). The standard material consumption is established for each 
blank, part, unit, and assembly and, in painting, winding, and impregnation, for 
each operation. The material consumption standard is established by technical com- 
putational or experimental methods, 

A standard established by the computational technical method is based on the 
use of advanced technology in production and on the experience of workmen in saving 
materials and should be accompanied by a system of organizational and technical 
measures assuring the performance of the progressive standard introduced. 

An experimental standard is established on the basis of experiments staged in 
the laboratory or shop and is used in calculating the consumption of materials for 
which no standard Tables exist. 

The quality of the established standards is determined by the coefficient of 
utilization of materials, i.e., by the ratio of the weight of the part to the 
standard material consumption for its manufacture. The technologist is obligated 
to select methods ensuring minimum waste of materials, 

The standards do not include the recoverable wastes, used a second time, nor 
allowances for tolerance or for rejects. These allowances are calculated separately 
by special standards and are taken into account by the planning department and the 
supply department of the plant in making the calculations and drawing the supply 
plans. The material standardization office of the chief technologist draws up sum- 
mary, consolidated standards of the consumption of materials for an article. The 
summary standards are approved by the agency to which the enterprise is subordi- . 
nated. 

Drawing of Requisitions. Requisitions are schedules enumerating the material -. 
values required by a plant or shope Requisitions are necessary for the summary ac= 


STAT 
counting, for the preparation of consolidated standards, and for the timely. aistri- 
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bution of orders. The most important requisitions.are as follows. 


Shop and summary requisitions for materials, drawn separately for primary and 
auxiliary materials necessary to establish the annual and quarterly plans of 


material-technical supply and to calculate the production cost per unit of output. 


Shop and summary requisitions for forgings, castings, and stampings are re- 
quired by the chief metallurgist to refine the list of blanks, and by the department 


of subcontracting work for assignment of the orders to the corresponding plants and 
to procure material — 

Shop and summary requisitions for standard parts, tools, and other finished 
articles are needed by the department of subcontracting work for tools acquired out- 
side the plant; by the tool department; and for purchased equipment, by the power 
superintendent and the chief machinist. 

The technological bureau of the shop transmits the shop requisitions to the 
corresponding departments of the enterprise through the department of the chief 
technologist. 

The planning of the work stations of a department (or section) is so laid out 
by the shop technologist as best to associate all elements of the productive process 


and to locate the equipment according to the flow of the process. In this case, 


. provision should be made for most complete utilization of the equipment,and areas of 


the shop, short routes of parts, multimachine tending in the processing sections, 


and a wide front of operations on the assembly lines. 


The elaboration of the manufacturing process and the refinement of the tooling 


constitute the concluding stage of the technologist!s work in introducing the series: 


technology into production. The working out of the. processes and the refinement of 


the tooling is performed during the manufacture of the aircraft of the head series, : 


as the tooling arrives.at the shops. To assure the planned. introduction of the 
process, the shop, in accordance with the plan of putting the parts and units of the 


new machine into production, prepares a graph of the setwise delivery of the new 
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tooling, which is approved by the chief technologist. The chief technologist assigns 
designers and technologists who, together with the foremen, instruct the workmen in 
the shops, organize the introduction of the new processes, and eliminate any devia- 
tions from the planned process that may arise. The elaborated process and the re- 
fined tooling are released to the foreman of the main shop. 


Section 5. Methods of Calculating the Economic Effectiveness of the Manufacturing 


Process 


Technique cannot be dissociated from economics, since economics is the basic 
criterion of the perfection of technique, The technologist must understand what 
Marx said: "If we consider machines exclusively as a means of cheapening the prod- 
uct, then the boundary of their use is defined at the point where the labor it costs 
to produce them must be less than the labor which is replaced by their application" 
(Bibl.25). 

Comparing various versions of the manufacturing process, the technologist gives 
preference to one that ensure the best product quality, the least expenditure of 
time on the performance of the operation, and the greatest reduction in production 
cost, 

In order to determine what method is more economical, given the same qualita- 
tive indices, a comparative calculation must be made. There are several methods of 
making such a calculation. l 

The method of evaluating production cost by machine-hours consists in estab- 
lishing certain factors for each type of equipment, indicating the factor by which 
the expenses per hour of operating that machine'exceed, or are smaller than, the 
production cost of an hour of work of the machine taken as the base. With the 
method of evaluating production cost by machine-hours, the overhead should not be 
added to the productive wages indiscriminately but bearing in mind the expenditures 


due to the operation of various types of equipment. STAT 


STAT 
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Ihe method of calculating by comparing the processing or assembly times is ap- d If the plant program amounts to 600 aircraft a year, and each aircraft requires 


plied to fitting, gas-welding, assembly, and certain other work, mostly manual work. two parts, then the cost of introducing the attachment will be recovered in 


de 
O ande 


This method is also used in utilizing equipment of the same cost and tooling, and in 


ER 


E 524% 2x12 
all cases where a more expensive standardized tooling, which can be used over again, is i= 6002 


The method of computation by comparing the total cost of processing is applied 


to work where the setup-cleanout time represents a large proportion. A comparison 


~ 10,5 months 


is used in the more productive operation. 


The method of computation by comparing the cost of the tooling is applied to 
operations with equal setup-cleanout times, or in cases where this factor is not 
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of the versions of the technological processes is made on the basis of the formula 


taken into account. In this method, the recoverability of the expenditures due to 
of the critical batch of parts: 


T€ Ó—ÓÀ—Á P8 tà 


tooling up the new process is bound. For this purpose, the number of parts at which 


it is economically expedient to use the new tooling is determined. The following z Or A o s 
E n e . e o . 
formula is used for this determination: crit t? e Cproe 7 tproe 
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where Chase is the cost of tooling for a newly introduced operation; 
l t is the time of processing (or assembly), less Ta,c, by the more improved 
a is the period of amortization of the tooling, in years; " P 8 , 5.09 

process; 


HPshop 15 the factor of shop overhead; 
Cproc is the cost of 1 minute of processing in kopecks, by the more improved 
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Tp is the Standard time for the operation with the old tooling; 
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Hola 1 i$ the base pay per hour with the new tooling; 
proved process, 


Told 1 is the standard time for the operation with the new tooling. ` E 
Example. Required, to determine whether it is more economical to machine 


Aa 


Example. It is planned to use a new lathe attachment costing 1000 rubles. Its : ` 
l 200 parts on an automatic tool or on a lathe, if the setup of the automatic tool 


amortization period is two years. The standard time, on introducing this attachment - i 
l takes 180 min at a cost of 6 kopecks per minute of setup, while the machining of the 


is shortened from 0.25 to 0.05 hr, and the work is transferred from category 5 to ; 
; parts on the automatic tool takes 0.5 min at a processing cost of 12 kopecks per : 


category 4. The overhead of the shop is 120%. The base pay of category 5 is 


PERLA OPINAR ER EIN ERU TUA BR aM 


minute. The setting up of the lathe takes 20 min at a setup cost of 4.5 kopecks 


2 rubles 12 kopecks, and of category 4, 1 ruble 94 kopecks. Determine the annual R 
- i per minute, while machining on the lathe takes 2 min at a machining cost 
program of parts production under which it is expedient to use this attachment. : 

1000 STAT 


Die peel ecu of 10 kopecks per minute. 
2(1+1,2) (2, 120,25 — 1,94x 0,05) 


= 524 parts 


Using these data, we obtain the critical size of the batch of output: 
STAT 
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_ _ 6x180 — 4,5x20 
orit 9x10 — 0,512 


= 71 pieces, 


. 


ieee, the use of the automatic tool is advantageous for a batch larger than 71 parts, 
so that the assigned batch of 200 parts would be more rationally machined on the 


automatic tool, 


Section 6. Main Trends of Organization of Preparation for Production in the 
Fabricating Shops 
To ensure economical consumption of materials and to increase the labor produc- 
tivity, the organization of the preparation for production in the fabricating shops 
should proceed in the following main directions: 
1. Transition from work by individual processes to work by typical processes. 
A correct classification of blanks by unified groups and the typifying of the manu- 
facturing processes encourages reduction of the list of tooling, while its unifica- 
tion increases the utilization of the equipment and reduces the waste of metal. 
Savings of metal is achieved in the casting shops by reducing the recoverable 
and rionrecoverable waste, by using precision casting and stamping; in the forging 
shops, by a rational selection of the volume of the forging, by minimizing the loss 
of metal in fins, dross, and process allowances, by stamping in closed presses and 
punching machines; sheet-metal fabrication and laying shops by the rational laying 
_out of sheet, rods and profiles. For instance, group cutting of blanks from sheet 
yields a saving of 5 - 6% of aal 
2, Use of more improved.equipment which would eliminate the finishing handwork 
after the operations of shaping, drawing, bending, and cutting, and would minimize 
the waste of metal, while increasing the accuracy and interchangeability of the 
parts, For these purposes, powerful hydraulic presses at elevated pressure ahoni 


be widely used, together with gang drawing and extrusion presses, jig drilling ma- 
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chines for holes, automatic machine tools with a servo system for gang profiling, 
and other high-production equipment, which sharply reduces the labor cost and mini- 
mizes the finishing work. 

For instance, no-finish shaping is 3 — | times as productive as ordinary shap- 
ing, the replacement of drop hammers by hydraulic processes saves time in the opera- 
tion of deep drawing by a factor of 2.5 - 3e 

In forging shops, the replacement of free forging by precision stamping extends 
the blanks production list for machine shops and cuts the consumption of metal and 
working time. Already in producing a batch of as few as 100 pieces it is expedient 
to fabricate precision dies. The replacement of steam drop hammers in the forging 
shop by stamping presses, the introduction of high-speed electric and gas workpiece 
heating, allows combination of the heating and stamping processes into a single 
working cycle. The use of automatic forging machines leads to a multiple increase 
in labor productivity and yields blanks with minimum allowances. 

3. Combined mechanization and automation of such processes as the removal of 
lugs, the shipping and bending of parts, the drilling of holes in sheet and profiles. 
For instance, the provision of presses with automatic attachments for feeding strips 
and blanks to the press, and for knocking out the parts from the female die, results 
in a 4 - 5 fold increase in the production volume of the press and allows a single 
operator to tend several presses. The replacement of hole drilling on rectilinear 
profiles by their punching, with automatic feed of the profile to the press, yields 
a 6-fold increase in labor productivity. The combination of punching and burnishing 
holes on the same press eliminates the operation of fin removal and improves the 
quality of the holes. Such combined mechanization eliminates the hand auxiliary 
steps and lightens the labor conditions. 

he Extension of the list of blanks for parts fabricated by more productive 
methods (precision casting and stamping, profile rolling). Today castings, forgings, 


and stampings amount to 15 - 20% of the parts list of machine shops (withougTATmt- . 
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ing the standardized items). The lag in the methods of fabricating blanks leads 

to 72 - 78% of the metal going into shavings in the machine shops, and in processing 
each ton of metal by cutting, an average of over 1000 machine hours is used, which 
is equivalent to 10,000 rubles. The use of precision methods of casting, hot- 
stamping, and burnishing allows the production of numerous parts in their final 
dimensions without any machining at all. Particularly wide prospects are opened by 
the possibility of using, on aircraft, panels and sections produced by stamping, 


casting, or rolling. 

Figure 77 shows the main trends of the technical progress in the fabricating 
shops of an aircraft construction enterprise. 

5, Replacement of the process type form of specialization of productive sec- 
tions by the product type of specialization, with chain arrangement of the work 
stations according to the flow of the typical process. The existing layout of 
equipment in uniform groups in fabricating shops and the specialization of foremen 
in performing uniform operations on an immense list of blanks of different kinds is 
uneconomical, since it leads to frequent resetting of the process, to a low level of 
utilization of the equipment, and retards the application of new techniques. The 
specialization of sections to process unified groups of blanks increases by 20 - 25% 
the coefficient of utilization of the equipment, ensures unidirectional flow in the 
movement of batches of workpieces, cuts the processing cycle of batches of work- 
pieces to half or a third its former length, and establishes unity between the 
technological methods and the forms of organization of the productive process. 

62 Establishment at leading aircraft construction enterprises of specialized 
casting and forging-stamping shops, which supply a group of plants with uniform 
blanks. 

Under the conditions of series production, the establishment. of specialized 
shops allows the most effective solution of the problem posed by the 2oth Congress l 


of the Communist Party, namely that of substantially expanding the mechanization and STAT 
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The lag in the methods of fabricating blanks leads — 


to 72 — 78% of the metal going into shavings in the machine shops, and in processing 
each ton of metal by cutting, an average of over 1000 machine hours is used, which 


is equivalent to 10,000 rubles. The use of precision methods of casting, hot- 


stamping, and burnishing allows the production of numerous parts in their final 
Particularly wide prospects are opened by 
the possibility of using, on aircraft, panels and sections produced by stamping, 
casting, or rolling. 

| Figure 77 shows the main trends of the technical progress in the fabricating 
shops of an aircraft construction enterprise. 

5. Replacement of the process type form of specialization of productive sec- 
tions by the product type of specialization, with chain arrangement of the work 
stations according to the flow of the typical process, The existing layout of 
equipment in uniform groups in fabricating shops and the Specialization of foremen 
in performing uniform operations on an immense list of blanks of different kinds is 
uneconomical, since it leads to frequent resetting of the process, to a low level of 
utilization of the equipment, and retards the application of new techniques. The 
specialization of sections to process unified groups of blanks increases by 20 - 25$. 
the coefficient of utilization of the equipment, ensures unidirectional flow in the 
movement of batches of workpieces, cuts the processing cycle of batches of work- 
pieces to'half or a third its former length, and establishes unity between the 
technological methods and the forms of organization of the productive process. 

6. Establishment at leading aircraft construction enterprises of specialized dM 
'easting and forging-stamping shops, which supply a group of plants with uniform 
blanks. 

Under the conditions of series production, the establishment of specialized 
shops allows the most effective solution of the problem posed by the 20th Congress 


of the Communist Party, namely that of substantially expanding the mechanization and 
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Replacement of hand 
shaping tinishing by 
high-pressure presses 


Replacement of drop hammers 
by hydraulic presses 


Replacement of individual by 
group drawing and stretching 


Replacement of spinning 
lathes by hydraulic presses 


Rolling pipes on automatic 
machines 


tamping with bending 
and drawing 


Mechanization of single- and 
double-curvature edge cutting 
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automatic machines 
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rically preheated blanks 


Stamping on horizontal 
orging presses 


echanization of hoisting 
and transport work 


automation of the productive processes, primarily in casting and forging-stamping 
production, 


Section 7. Principal Trends in the Organization of the Technological Preparation 
of Production in the Processing Shops 


In manufacturing a jet aircraft, the labor cost of the work in the processing 
shops is distributed as follows: machining amounts to 22 - 30$, fitting and welding 
to 2 - 3%, heat treatment to 3%, and coating work to about 1%. By comparison with 
piston aircraft, the machining work has been particularly sharply increased in jet 
aircraft, its labor cost has almost doubled. Such an increase in the amount of 
machine work disturbs the established proportionality in equipment and areas, In 
order to prevent this drawback, labor productivity must be sharply increased, and 
the labor cost of machining must be reduced. For this purpose, it is necessary to 
increase the list of workpieces produced to minimum tolerances, to introduce a wide- 
spread combined mechanization of the work that will increase the yield of the equip- 
ment in unit time, and to specialize the machining sections to process uniform 
parts. 

The basic feature of such specialization of the productive sections is the 
classification of the machined parts into technologically uniform groups, which en- 
taea the most economical utilization of the existing equipment. 

The classification of parts and units in the processing shops proceeds by three 
main forms: standardized, unified, and individual, Within the first two of these 
forms, the parts and units are subdivided into classes and, within these classes, 
again into typical groups; for each group, a unit technological process is set up 
and typical tooling is worked out. 

Classification allows the reduction of the immense parts list (some thousands 
of items) that must be machined, to 16 - 20 classes, having 80 — 90 typical groups, 
and, accordingly, permits the specialization of sections to handle them (Table 27). 


In fitting-welding shops, classification allows us to reduce units of several hun- 
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dred titles to several tens of typical groups, for whose machining the establishment 
of chain and multiproduct production lines is advantageous, In the heat-treatment 
shop, the classification of parts and units is based on the brand of material, the — 
sequence of heat-treatment operations and thermal states, the configuration, the 
average weight and thickness of the parts. The typifying of thermal states permits 
a sharp reduction in the number of resettings of the heat-treatment ovens. 

The specialization of departments (or sections) to handle parts of different 
shape but belonging to the same design group, leads to the assignment of 25 - 30 and 
more detail operations of different types to one work station, to the provision of 
the machine tool with attachments of various types, and to frequent resetting of the 
machines, To avoid this, product specialization of sections must be combined, ac- 
companied by concentration of the processing and, if necessary, even of the assembly 
and testing, of all parts relating to one or several unified groups with similar 
flow sheets. For instance, landing-gear cylinders are machined in the landing-gear 
shop, while cylinders for hydraulic mechanisms and the hydraulic booster are manu- 
factured in other shops. Concentration of the machining of all cylinders in the 
landing-gear shop, in a specialized section of that shop, would permit the layout 
of its equipment by the chain method and make it possible to increase the load of 
the machines, to tool them with typical high-production and rapid-change attachments 
and tooling, to cut the dehiviedeet bang time, to reduce spoilage of work, to dimin- 
ish labor cost, and to shorten the cycle of cylinder manufacture, The specializa- 
tion of sections to process unified groups of parts will not increase the total num— 
ber of parts and will only slightly complicate intershop cooperation. 

Computations made at a certain aircraft plant show that such an organization of 
a section for the manufacture of fittings allows the processing of fittings 
of 472 items (1440 parts in all) to be combined into 30 typical processes, and the 
labor cost to be cut from 8978 standard hours to 1497. 


STAT 
The utilization of the internal reserves of the processing shops proceeas main- : 
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Table 27 ly along the line of increasing the service life of the equipment and of its more 


Distribution of Light Aircraft Parts Requiring Machining intense utilization. With the existing methods of utilizing the machine tool in- 


: ] m | 
According to Technologically Uniform Classes e 0 ventory, the time of useful work of machine tools is sometimes only 25 - 30% 


: Fig.78 To increase this time, ; 
Labor Cost for Machining (Fig.78). se s time, stoppage of the machine tool inventory must be 


Parts in % of Total Cost 
of Labor for Machining 


Type of Parts in One Class 


Cylinders, piston rods, rollers, 
shafts, sleeves i 


ge) 
c B OS 
2 Bushings, pistons, flanges, covers 7-8 cod | 
Daa 
Ri disk b her 1.7 = 1.9 Qa 
z iin EE SETTE Useful machine and RS 
. 2 o i 
L | Eyebolts and lug bushings 2,5 - 305 machine-hand time 4s | 
5 Rockers, levers 6.5 - 8 : 
6 Brackets 1l - 12 | 
7 Bands, T-sections 8 - 8.5 
8 Joints, fittings L = hed 
. . 
9 | Universal joints, stirrups 3 - 3.2 e ( 
10 | Fittings - stub pipes, angles, 5,5 - 625 
T-unions, crosses 
11 Gear wneels 1 - 1.2 
12: | Loops, gaskets, strips 3-1 
13 | Bolts, screws L - 4.5 
Fig.78 - Distribution of Time During a Shift by Kind of 
1k Rollers, pins 2.2 - 2.9 
: f Expenditure in the Machine Shops of a Series Plant 
15 Nuts 2,3 - 2.6 
16 | Thrust bearings, blocks 2,3 - 3 eliminated, the auxiliary work must be mechanized, and the equipment must be more 
. ` : 1 3 ` 
17 Springs l- l.l i intensively utilized, The intensification of lathe work tends toward the use of 
| 18 | Original (individual) parts 18 - 22 automatic and semiautomatic equipment, the introduction of gang processing and the 
use of rapid-action attachments. The intensification of milling work proceeds by 
' the introduction of processing by gangs of milling cutters (Fig.79), by the usé of 
*rable compiled by Engineer M.Z.Gindeltman. 8.79), by 


0 $ milling-profiling machines with hydraulic and electric servo systems,.and by cien 
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Fig.81 - Use of Multiple Head in Operation of Reaming Openings 


in "Spider" Unit of Aircraft 


e 


Fig.80 - Device for Automatic Control of Shaft Diameter 


Fig.82 - Units of Universal Hydraulic Drive for Rapid Clamping of Part STAT 


in Polishing 


2 Darron nant af hudsanlie drive; 2 - Attachment for clamping part 
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use of rapid-action attachments, 


The development of gang processing and the use of 


rapid-clamping fixtures leads to an intensification of the drilling work. The in- 


troduction of high-speed polishing and automatic dimensional control of parts is of 


great importance (Fig.80). 


Fig.83 - Multipoint Semiautomatic Welding of Parts of Automobile Cab 


The use of more durable tools and the change-over of 


equipment to power and high-speed cutting reduces the machine time per operation by 


a factor of 3 ~ ho 


The introduction of high-speed multiple machines, specialized 


to perform type operations and equipped with rapid-action clamping attachments, 


plays an important role (Fig.81). 


To cut the time of installing and removing the attachment from the machine, the 


clamping part of the attachment must be made independent of the power part, the 


pneumatic or hydraulic drive (Fig.82). 


In fitting-welding shops, the intensification of the processes should pro 


along the line of automation of the welding work (Fig.83). 
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In the heat-treatment shop and the coating shop, increase in labor productivity 


ĝ and improvement in utilization of equipment are attained by introducing more uniform 
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systems of adjusting the equipment, by typifying the processing conditions, by cor- 
rectly planning the load of the ovens and baths, by more completely utilizing the 
Í volume of the baths and furnace soles, by mechanizing the charging of parts into, and 


the removal of parts from, the baths and ovens, by automation of the thermal condi- 


Fastening Methods 
R P 2 ing Work 
Fig.85 - Basic Directive of Mechanization of Assembly-Riveting and Assembly-Mounting Wor 


l! tions of heat-treatment ovens and their equipment with automatic control and regula- 


tion instrumentation. 


Figure 8l shows the main trends in the mechanization of work in machine shops 
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and fitting-welding shops. 
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The economic significance of the assembly stage in aircraft building is charac- 
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of the cycles of major assembly and final aircraft assembly are extremely important 
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aircraft assembly. This reduction is achieved by the use of integral panels; by jig 
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craft assembly rate; by maximum mechanization and conveyorizing of the assembly- 


OEA ERNE DPSS ASEM 


riveting work (Fig.85). 
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tools and of stationary and movable equipment. data, the labor cost of a riveted stabilizer is 


: k 
pneumatic riveters) should be used primarily for wor one, 3 hours. Welding is half as expensive as r 


Portable tools (drills, 


& 


or in case where the use of crease in labor productivity (Bibl.26). 


at places inaccessible for stationary equipment (Fig.86), 


tool saves time in doing auxiliary work (Fig.87). In welding shops, the mechanization of inst 


use in aircraft design of open profiles with 


& portable 


Mott m 


| The development of paneling and the 
ement of the pneumatic drill and 


uniform pitch and the same holes allows the replac 
the pneumatic hammer by more productive portable and stationary equipment (Figs.88 


and 89). 


Stationary equipme single and 


nt (single-spindle and gang drilling machines, 


Fig.86 - Riveting with Pneumatic Riveter in Places Inaccessible 


for Stationary Riveting Equipment 


group-acting squeeze riveters with automatic deposit of various caps on the rivet), 
Fig.87 - Portable Pneumatic Drill 


should be widely used in the assembly and riveting of panels, ribs, spars and other 


included directly in the assembly lines for i . 
use of pneumatic wrenches with automatic regul: 


open units. Stationary equipment is 


' units, compartments, and assemblies. i i 
- anization of auxiliary work envisages the tool: 


ing has recently been displaced more and more by . : 
matic clamps (Fige90), the use of interoperati 


In aircraft construction, rivet 


welded constructions in 1945 amounted to 
conveyors and transporters of discontinuous an 


welding. According to American data, 


15 - 25% of the aircraft, and in 1954 already to 10 - 60%. According to the same 3 bile 
| wel y N anisms (Fig.91), electric cars and automobile 
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The combined mechanization of welding should be associated with rational forms 


of organization of assembly work. In aircraft building, several primary forms of 
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Fige90 - Assembly Jig Equipped with Pneumatic Clamps 


organizing the assembly of units, compartments, assemblies and the entire aircraft 


Fig.88 - Portable Pneumatic Squeeze Riveter for Riveting Spars 


are used, 


One of these forms (used in the assembly of units: ribs, bulkheads, spars, 
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Fig.91 - Hoisting Crane with Beam for Transporting Aircraft 
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panels, etc.) is characterized by the fact that the maximum possible number of sub- 
assemblies are removed from the final aircraft assembly line and the major assembly 
lines to the unit assembly lines. This reduces the volume of work performed in the 
jigs and shortens its cycle, creates the most convenient conditions for the assembly 
of the units, and permits maximum mechanization of the work. These advantages are 
particularly evident in the paneling of the major assemblies. The assembly of panels 
is carried on with assembly and guide hose. The hose are built on machines with 
multispindle heads and the riveting is done on gang squeeze riveters. On the panels, 
the units, wiring etc. are mounted, which shortens the amount of the subsequent jig 
work. As a result of such organization of work, the assembly of the assemblies is 
reduced to the jointing of the blocks of the panels, 

Another form of assembly is distinguished by the fact that all the jig work in 
the assembly of a compartment (section) or assembly is done by a single crew in a 
universal stationary jig. The universal jig with numerous cutters and fixers com- 
plicates the work of the assembly riveters, The absence of a thorough subdivision 
of labor and its mechanization makes this form of assembly economically disadvan- 
tageous. The universal form of assembly is ordinarily used in development produc- 
tion, and less often in series work. 

The line form assembly is characterized by the division of labor, by the stand 
Specialization of the workman, by the existence of rhythm in their work, and by the 
mechanization of the transport operations, 

The line assenbly of an aircraft, its assemblies and compartments, is organized 
either by the method of moving crews, with the assembly object stationary, or by the 
method of stationary crews, with the object to be T moving in pulsating 
motion, : 

Line assembly by the method of moving crews is used in the assembly of heavy 


aircraft, for which the pulsating or discontinuous displacement would involve the 


installation of expensive and 


ex transport facilities, or in cases where, in 
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&ccordance with the production process, the assembly of the object must be done in 
massive (rigid) stationary jigs (Fig.92). In both cases, the assembly of the air- 
craft, assemblies, or compartments is performed by several crews replacing each other 


in succession, and each of which is specialized in performing a single assignment. 


Fig.92 - Stationary Jigs Used in Wing Assembly 


The assignment is performed by the crews during the time of the line pace, at the 
expiration of which the crews successively move from one jig to the next in the case 
of jig assembly, and from one object being assembled to the next in the case of 
nonjig assembly. 

The jigs are laid out in sequence according to the flow of the assembly process 
and in such a manner that maximum use can be dade of the overhead transportation 
means for jovi the compartment from the jig and transferring it to the major as- 
sembly jig, and from there to the section of the extra-jig work on the assembly. 

Line assembly by the method of stationary crews with. pulsating travel of the . 
object being assembled may take various forms. The most widespread of these ST athe 


assembly of the object in portable universal jigs and the assembly of the object 
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without any jigs at all. 

The assembly of the object in portable universal jigs is used to assemble major 
components without technological joints, and for the assembly of high-labor-cost 
compartments, Each major component, or assembly, is assembled from beginning to 
end in a single universal jig. The jigs are attached either to an overhead conveyor 
or to a floor dolly. With the pace of the assembly line, all jigs are simultane- 
ously moved to one assembly zone. Definite operations and a few specialized work- 
men are assigned to each assembly zone. The conveyor, which successively shifts the. 
assembly from one stand to the next, allows the crews at all stands to perform 
parallel assembly and inspection work on the assembly. This form of line was widely 
used during World War II in assembling fighter aircraft, combat aircraft, and me- 
dium bombers. 

Assembly of the aircraft and its major components without the use of jigs is 
most advantageous economically. The preliminary and final aircraft assembly is 
organized in this way (Fig.93), the nonjig assembly of compartments and major com- 
ponents is handled in this way (Fige9).e On such assembly lines pulsating conveyors 
or hoisting bridge chains are used to transport the object being assembled to the 
next assembly stand. 

The efforts of designers and technologists should be directed toward finding 
ways that would allow the assembly of aircraft and major components without the use 
of jigs. 

This may be accomplished by using integral panels and sections of extreme 
rigidity in aircraft designs, as well as by using a rigid jig-assembled. framework 
in the design of the major aircraft components. The subsequent assembly of the . 
major components is then handled without the use of jigs, owing to the axistence of 
a rigid framework, 

The choice of a certain form of assembly depends largely on the number c ,Tir- 


craft to be assembled during a shift, on the dimensions of the aircraft, and on its 
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design. With the increasing dimensions of heavy aircraft, the difference in the 
principles of organization of the assembly of heavy and light aircraft becomes more 
pronounced. Whereas the assembly of light aircraft is being more thoroughly organ- 


ized as the patterns change over to integral units and panels on the basis of 


assembly-line production, approaching the methods of automobile assembly, the as- 


sembly of heavy aircraft will be handled by stationary assembly line, similar to 
the line assembly of a large house, with moving cranes delivering the finished as- 
semblies, sections, and blocks to the aircraft-assembly front. 

To ensure proper rhythm of the assembly stage in the performance of work and 
in the output of aircraft according to graph, the line for an assembly must be as- 
sociated with a forced rhythm in the work and intershop as well as intrashop re- 
serves must be maintained at the established level, To save space and shorten the 
productive cycle, the work at each assembly stand is organized over a broad front, 
using the entire area of the working zone of the assembly for parallel work. The 
larger the dimensions of the assembly or aircraft, the more workmen must work on it 
at the same time, 

At each assembly stand, the technologist plots an assembly assignment chart 
indicating the operations to be performed at the stand; a graph of work organiza- 
tion at the stand, indicating the distribution of operations between the workmen 
and the sequence of work performed by them within the limits of the cycle; a set- 
assembly chart, enumerating the parts, units, or finished articles to be supplied 
to the stand; a tooling chart enumerating the tools and attachments to be delivered 
to the stand. The existence of Ehe aet and tool charts brings order into the work 
of the material stores and tool cribs of the shop, and allows them, in good time 


and in complete sets, to prepare everything necessary for each assembly stand. 


t 


Section 9, Organization of Work in the Building of Tools, Attachments, and 
Auxiliary Tooling. i 


The order and specifications for the required tooling are delivered by the 
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technological bureau of the primary shop to the managing technologist of the depart- 
ment of the chief technologist, for verification, From the managing technologist 
the order is forwarded to the superintendent of the department, for approval and for 
fixing the deadline of designing and fabricating the toolinge Tne order and speci- 
fications then go to the planning-dispatcher group of the department of the chief 
technologist for registration of the order and entry in the plan of the designing 
group and of the shop which fabricates the tooling. 

The initial data for designing the tooling are the drawings of the workpiece, 
parts, or unit, the specifications, the albums of drawings of standardized and typ- 
ical tooling, the limitations on the tooling to be used, the technical reference 
literature, and the plan date of release of the drawing for check and editing. The 
latter is determined by the monthly operative plan of the design department. The 
designer, in designing the typical tooling, selects their finished drawings, enter- 
ing thereon only the dimensions referring to the given design. In designing special 
tooling, the designer works out a general plan drawing and a rating sheet. 

The general plan drawing of the tooling is coordinated by the designer with the 
technologist, after which the drawing is sent to the detail draftsman, from him to 
the copy-draftsman, and then to the controller for standardizing and general check- 
upe l 

The checked set of drawings for the tooling then goes to the technical files 
department, where it is recorded, reproduced, and, together with the rating heut 
for the tooling, released to the shop which fabricates the tooling. The movement 
of the order from one unit to another.is controlled by the bureau of production 
planning at the chief technologist. 

Forms of Organization of the Work. The work on the designing of tooling may 
be organized in sequence, sequence-parallel, or parallel with the development of 
the manufacturing processes, STAT 


In the sequence method, the designer for the tool or attachment proceeds to 
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design the tooling on the basis of the order and of the specifications annexed to The existence of a large number of standard and unified parts in the aircraft 
it. By the time the order is issued for designing of the tooling, the manufacturing creates the conditions for the extensive use of standard tools and attachments, 


process müst have been developed, finalized, and approved. e & which considerably reduces the expenditures for the technological preparation of 


In the sequence-parallel method, the technologist, before finalizing of the production and also accelerates it. 


manufacturing procéss;, sets up the plan for processing the parts and specifies the For instance, today standard parts of the tooling amount to 70 - 75%, standard 


necessary tooling, subdividing its fabrication into first and second stages. One types and dimensions of the tooling are 50 - 65%, and the cost of fabricating this 


copy of the order remains at the technologist!s office, a second is given to the standardized tooling is 20 - 35% below the cost of fabricating nonstandardized 


attachments designer, a third to the auxiliary tool designer, and a fourth to the 


tooling. 


designer for cutting and measuring tools, thus allowing them to do the designing 


Section 10. Technological Discipline and Procedure for Modifying the Technological 


Documentation in Force 


simultaneously, In this method, determination of the development of the process 


conditions is somewhat in advance of the preparation of the drawings for the tooling, 


At a given enterprise, technological discipline means precise observance of the 


In the parallel method, designers are assigned to the technologist for joint 


process conditions for manufacturing the aircraft at all work stations and in all 


work. The technologist and the designers first look over the parts drawings and, 


stages of production. 


after studying them, discuss the plans formulated by the technologist for process- 


Series technology is the law of production. There must be no discrepancies 


ing, equipment, attachments, and tools for each group of parts. While the technol- e 6 — — -«— ^ Eds 
‘ between the manufacturing process t is formalized by documents an e process 


ogist is finalizing the manufacturing process, the designer prepares the tool draw- 


actually carried out at the work places. The observance of the established manu- 


ings. For elementary tooling, the designer finalized the drawing in its terminal 


facturing process by all units of production eliminates spoilage and creates the 


form. For complex tooling, he first makes a sketch, refines it in cooperation with 
E conditions for the uninterrupted progress of the productive process. 


«the technologist, and then finalizes the drawing. The joint work of the technol- 


The July 1955 Plenum of the Central Committee Communist Party USSR demanded an 


ogist and designer minimizes the cycle of tool designing. 


increase in the responsibility of the chief engineers, the superintendents of the 


During the manufacture of the aircraft, many parts and units are improved, It 


inspection departments and the shop superintendents, for exact observance of tech- 


is therefore necessary to use attachments in which only individual elements (mainly 


nological discipline, 


attachment elements) are modified in case of a change in the dimensions or shape of 


Procedure for Introducing Modifications in Aircraft Drawings. Only the chief 
designer has the right, at aircraft construction plants, to issue new drawings and 


the part. The principle of design sequence is most completely expressed in the 


bodies of dies, where the replacement of a plate die involves only insignificant 


make changes in the existing drawings in force, 


expenditures of funds and results in no changes in the body itself. The same prin- 


The original release of drawings of the aircraft or its assemblies to produc- 


tion is authorized only on drawing-release sheets. A single release sheet STAT over 


ciple is used in machining attachments and in assembly jigs. This principle should 


be widely used in other forms of tooling as well. @ 


a 


STAT 
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the release of a whole group or subgroup of drawings. The numbering of the release 

sheets is handled by the series-design department (SKO). The experimental work for 
checking the parts, units, and assemblies before théy are put into series production O 
is handled from sketches, and finalized by service notes. 

The basis for modification of the installation drawing may be the instructions 
by the chief designer and the demands of the series plant in connection with the 
refinement or modification of the drawing, the replacement of a component finished 
article, the demands of purchasers and subcontracting plants, the suggestions of 
rationalizers, or the data of plant and State tests, 

Reasons for the necessary modification of series-production drawings may be: 
decision by. the chief designer; necessity of eliminating defects disclosed during 
operation; demands by the purchaser, approved by the agency to which the enterprise 
is subordinate; expiration of the validity date of the technical documentation; or 
Suggestions by the efficiency experts, adopted by the chief designer and agreed on 
with the purchaser. 

The finalizing of the introduction of modifications or refinements in the 
drawings is done by the series-design department in two documents, the modification 
sheet and the drawing-refinement sheet. 

The drawing-refinement sheet (LUCh ) temporarily allows continuation of produc- 
tion from the drawings, Without making the specified changes, but taking account of 
the refinemerits in the LUCh. 

The drawing-modification sheet (LICh) is intended for entry of the modifica- 
tions in the drawings, enumerating the modifications in the sheet which accompanies 
the'reissued drawings; for the full account of all modifications and corrections in 
the drawings; and for invalidation of the sketches and drawing-refinement sheets, 

The drawing-modification sheet shows the series with which the modification is 
to be introduced into production and the manner of handling the reserve of parts 


existing in the plant. On the 


of the drawing-modification sheet, the old ®) 
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drawing is canceled and is so stamped from a certain series on, and a new drawing 
is released, which is stamped to indicate the series from which the drawing is in- 
troduced and the document on which such introduction is based. 

Changes in the theoretical loftings are authorized only on the basis of a doc- 
ument from the chief designer, while changes in the design loftings may be made on 
the basis of a document from the series design bureau. Changes resulting in the 
cancelation of templates or their preparation, are finalized by the template bureau. 
Changes involving additional work on the templates are finalized by the technol- 
ogists of the lofting groups. In order to detect any mismatch of the templates, the 
technologists of the shop agree on a technological signal for discovered template 
mismatch; if a spoiled template is found in the shop, a notice of rejection is made 
out and delivered, together with the technological signal, to the lofting and tem- 
plate shop. Modifications or additional working and refinement of the templates 
are made only by the lofting-template shop. The changes made in loftings are in- 
dicated in the identification Sheets: 

Changes in the process planning chart are entered by the bureau of technolog- 
ical planning of the chief technologist's bureau, on the basis of the drawing modi- 
fication sheet. The chart indicates the reasons for the changes and the number of 
the series from which the change is introduced. The how chart is then released for 
reproduction, and the copies are forwarded to all offices, with .simultaneoüs recall 
of the replaced charts. | 

Changes in the technological process are made in ici drawings are 
modified, the manufacturing nubes is improved, the pe of equipment is changed, 
.and errors in the technological process are corrected. The modifications in the 
flow sheet are entered by the engineering bureau of the shop on the basis of a 
process-change sheet, approved by the chief technologist. From this sheet; the 
shop technologist proceeds to work out a new process or to correct hië PPetGTAT 


process. The changes in the flow sheet during the period of the tentative process 
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are approved by the chief engineer of the enterprise. In the series process, the 
changes are made with the authorization by the chief engineer and, in some cases, by 


O 


the agency to which the enterprise is subordinate. 
Changes in the manufacturing process on proposal by the technologist or on 


suggestion by a rationalizer, are made only after they have been checked and have 


yielded favorable results. Changes in the manufacturing process are entered by the 
technological files department in the modifications chart and are registered in a 
special daybook, 

Changes in the chart of standard consumption of raw materials are entered by 
the shop technologist, on the basis of a notice from the bureau of material stand- 
ards of the department of the chief technologist. This notice is issued on the 
basis of modification sheets made out by the designing or technological department, 

Changes made in the chart of normal material consumption for a part are simul- 
taneously noted by the technologist in the flow sheet and in the materials requisi- 
tion. The chief technologist receives the authorization of the technical depart- 6 
ment of the administration to which the enterprise is subordinate for the modifica- j 
tion of the material consumption standard, for its replacement and for the intro- 
duction of new materials, 

Persons allowing a violation of the technological process and an arbitrary in- 
troduction of changes in the manufacturing process of series production are held 
responsible. The inspector, foreman, and technologist are responsible for the 
daily checkup on proper conduct of the manufacturing process. In addition to the 
daily control, the chief technologists periodically make a spot check at the work 
stations for conformity of the actual marufacturing process with the approved proc- 


esse. 


Section ll. Organization of Standardization Work 


The use of the State A1 


k 


n Standards (GOST) is compulsory for all branches $) 


391, 
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of the national economy. The planned conduct of the economy creates all prerequi- 


sites for the widespread use, in production, of standardization and normalization 
of parts and components of an article, as well as of the methods and means for its 
fabrication. Normalization means standardization carried out on the scale of an 
industrial branch or enterprise.  Normalization allows the production of the output 
with smaller expenditure. Under the conditions of frequent change in the object of 
production, the economic significance of normalization increases, since normalized 
tooling is not changed on replacement of the machines, 

Normal standards are divided into industrial branch and plant normal standards. 
An industrial branch normal standard is established for objects not covered by the 
All-Union standard, and a plant normal standard for objects not covered by the in- 
dustrial branch normal standards. 

It is very important to establish unified normal standards for all aircraft and | 


all finished articles entering into these aircraft. This is the basis of normaliza- 


tion of series tooling in all aircraft construction plants. 
Plant normalization is the original link in the general system of standardiza- 


tion. basic article, processes and means 


The objects of plant normalization are: 
of its manufacture, technical documentation, and system of organization of the pro- 


duction. The more thoroughly the basic article is normalized, the greater will be 


the opportunities for normalizing the process, equipment, and tooling. 

Unification means the classification of blanks, parts or units into groups 
having uniform design forms and a uniform method of fabrication. Unification of. 
aircraft details should develop along the line of assigning single shapes and di- 
mensions to parts composing a single uniform group. 

Work on normalization and unification is a component part of the work plan of 


the bureau of standardization and normalization, the series-design department, and 


i hnologist. 
the department of the chief technologis STAT 


The aconomic effectiveness the introduction of standards and norms is es- 
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' tablished by adding the savings in materials, wages, and overhead. 
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Section 12, Introduction of New Techniques and Advanced Experience into Production 


Definite advances have been made in the matter of technical progress in the 
aviation industry. But science. and technology do not stand still, they develop and 
move forward, and what was new and advanced today will already become obsolete and 
unrealistic tomorrow. 

To utilize more fully the advantages of the socialist economy and to surpass 
the accomplishments of foreign science and technology, constant improvement of so- 
cialist production on the basis of a planned introduction of the accomplishments of 
Science, technology, and advanced domestic and foreign experience is a prerequisite, 

The work of the technological staff for introduction of new techniques and 
progressive skills into production is organized along the following lines: replace- 
ment of obsolete equipment by new and more productive equipment; combined mechaniza- 
tion and automation of the processes of the main and auxiliary production; stand- 
ardization and normalization of the tooling; dissemination of the advanced methods 
developed by production innovators. 

In order to decide toward what new equipment the aircraft construction enter- 
prises, must be oriented, the composition of the parts and units of the aircraft and 
their design sequence must be carefully studied. 

On the basis of such study, parts that do not change on transition from the 
production of one aircraft to the production of the next one must be defined, It is 
suggested to use operationally high-productive equipment to fabricate such parts, 

It is also necessary to determine the stable groups of unified details and for 
each such group to create specialized equipment. The distinctive feature of such 
equipment will be its adaptability to the performance of one or several operations 
on all parts in a single group. 


High-production equipment of this kind has been created by our machine-building 
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industry for machining ship propellers, for unifying the parts of Diesel locomotives, 


etc. Such machines are very necessary for aircraft building enterprises as well. 


Their use will encourage a wider unification of aircraft parts. 


Finally, for the original parts, which vary with each new machine, it is nec- 


essary to use the fastest and most mechanized general-purpose equipment, provided 


with rapid-action normalized attachments, 


The introduction of new techniques must be performed systematically and must 


cover many fields, encompassing at each productive section all of its main and aux- 


The technologist and designers should use the data of technical 


iliary processes, 


standardization for the introduction of measures on combined mechanization, to find 


the operations for which the proportion of hand, machine-hand, and auxiliary work 


is high, 


For a successful, rapid, and economically effective introduction of the accom- 


plishments of science, technology, and advanced experience into production, a well- 


equipped technological laboratory and an experimental shop must be organized at the 


enterprise, and technical information and a seminar of advanced work experience must 


be made available, 


The technological laboratory and the experimental workshop (or shop) attached 
to the chief technologist are intended for the introduction of methods created by 


other institutes and plants; for finding and refining new and more improved technol- 


ogical methods and systems of processing; for planning and manufacturing improved 


equipment and tooling; for designing, fabricating, and testing means of combined 


In the experimental 


mechanization and automation of the productive processes, 


Workshop (or shop) the rationalizers and inventors are given the opportunity of 


building models of their machines and attachments, and of testing suggestions and 


inventions. With the growth of the technological progress of production and the 


rising technical level of the personnel, the role of the technological laboratory 
` i STAT 


and the experimental workshop (or shop) will increase constantly. 
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The function of the technical information service is rapid and regular dissem- 


a 


ination of information to all specialists in the plant as to the present state of 


technology at progressive plants in the USSR and other countries. The technical 


Aircraft 
in Regular 
Series 
Production 
30 
21 
1,3 
100 


information service includes the translation of papers from foreign technical jour- 


4, 
13,1 
11,8 
33,5 
23 
1,3 
63 


nals and books, technical bulletins of other enterprises, catalogs of novelties, 


oa aran e ETERNI 


1,3 


28 


etc. 


Superheavy Aircraft 


2 
13,2 
9,5 

36 

24 


The exchange of advanced experience between plants includes periodical visits 
by workers of the plant to the enterprises where a novel method has been put into 
use; visits of skilled workers of other plants to the home plant to share their ad- 


vanced experience; organization of special exhibits and technical conferences; and 


Heavy Aircraft 


dispatch of personnel to other plants for study of their technology and production 


organization. 


Section 13. Operative Planning and Dispatcherizing of Technological Work 


Planning the technological preparation of production includes work on the tech- 


Medium Aircraft 


nological control of the drawings of the primary article and of its assignment to 


Table 28 
28,2 
1 1 
30 65 


31,5 | 33,5 
26 


the various shops; loft work; planning and standardization of the technological 


processes; designing and fabrication of the tooling and special equipment; reorgan- 
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ization of shops to produce the new aircraft; introduction and improvement of series 


technology. 


Light Aircraft 
2,8 
22 
12 
15 
1,5 
67 


The planning of technological preparation is based on parallel and sequence- 


3 
1,5 


9, 
27 
14,2 
32 


parallel organization of work at all stages, observing priority, completeness and 
successive order in the fabrication of tooling. At aircraft construction plants, 


the minimum original unit of planning is the design unit or technological set. 


Order of Priority in Fabrication of Tooling. In the first stage, the tooling 


Including jigs 


and stands 
8. Welding 


prescribed by the tentative process is produced, without which it would be impos- 


A A ea A A A ———— M ("B A A (üt —— natara bp RA tne Rte he arta odii adiit rimis Aprilis pin ra pir rec e 


Including tool 


dies 


ricating 
5. Machining 
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4. Stamping and fab-| 20,7 


Proportion of Labor Cost of Individual Forms of Tooling in Percent of Total Labor Cost of Tooling 
9. Total by air- 
craft class 


1. Templates 
2. Casting 
3. Forging 


sible to put out the type series and subsequent series of aircraft, for instance, 


the tanline fan nauis int rocesses and equipment. In the second stage, the 
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equipment and its tooling for the series production are produced. For instance, in 
the assembling of control surfaces, the first stage of tooling will include one or 


several general assembly jigs, and a template and master template to check the jig. 


in kg 


Consumption 
of Material, 
Work 


Control 


b) 


For Fab- 
ricating, 


Extrusion Dies 


Labor in % of Total Amount of Design Work 
Detail 
Drafting 


Dies for Cold-Stamping 


Bending, Drawing, and 


i 2 OO AAA 
BA eee 


Standard 


Time 


2. Dimensions of Typical Representatives Used 
Total 


Overall Dimensions 


Control 
Work 


e 1 2 14 


Copying 


Fig.95 - Relation Between Coefficient of Tooling Supply Ktoo] and the 
Daily Number of Aircraft Produced, M 


a) Tooling for machining; b) Machine attachments; c) Cutting tools; 


Norm Chart for Typical Representatives of Tooling (Xxample) 


Bending Die 


d) Measuring tools; e) Tools for assembly and welding work; f) Control and 
assembly jigs; g) Assembly jigs for units; h) Assembly jigs for major com- 


ponents 


3. Labor Time Standards for Designing Typical Representative of Dimensions 200 * 140 * 160 
Labor Time Standards by Forms of Work, in hrs 


l.e Typical Example 


During this period, work on the assembly of the control surface has not yet been 


Designing Work 


broken down into assembly assignments; this breakdown is performed as the output of e 
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control surfaces increases, By that time, the tooling of the second stage should 
have been produced in the form of jigs for the assembly of the tip, center, and 
leading parts of the control surface, and of their jig templates, For the tooling, 
of the second stage, the tools permitting a sharp reduction in spoilage and labor- 
consuming work is first fabricated. 

The complete set of tooling means the delivery to the shop by a definite date, 
of all the tools needed for the operation, part, or process set of parts of the 
tentative or series process. If, therefore, for one and the same part, the cutting 
tool must be fabricated in a week, the gage in two weeks, and the attachments in 
three weeks, then it is obvious that the operative plan must specify different 
starting dates for this tooling. 

The sequence of tool fabrication is established by the chief technologist, 
starting from the cycles of manufacture of the assemblies and the order of priority 
of their delivery to the final assembly shops. For instance, if compartment F-2 is 
the most labor-consuming in the fuselage, then an earlier fabrication of the tooling 
for its assembly must be scheduled than for the assembly of compartment F-l. In the 
assembly of F-2, the first to be delivered are the framework units, for which the 
tooling for its fabrication and assembly will be planned earlier than for the re- 
maining units of F-2. Such a sequence of tool fabrication is observed down to the 
parts entering into each process set. 

For the planning of work on the technological preparation of production and for 
drawing the directive graph, planned standard Tables are TO For the rela- 
tive proportion of labor cost of fabricating the various types of tooling in the 
total labor cost of tool production, the standard Tables of typical representatives 
of tooling, and factors of tooling supply, are used as the principal norms, 

The relative proportion of labor cost of individual forms of tooling in percent 
of total labor cost of idie is given in Table 28, 


The norm of a typical representative indicates the labor and material consump- 
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tion standards for a definite type of single-type tooling (cf. Table 29). 
The coefficient of tooling supply indicates the amount of tooling for a single 


part, unit, or assembly. Such coefficients are established for each group of tool- 


“ing, allowing for the different daily output of aircraft (Fig.95). 


The tooling coefficient for the main forms of special tooling for aircraft of 


various classes is calculated for each form of tooling by the formula 


M 
d EE E 


where M is the amount of tooling of the given form, in pieces or sets; 
N is the number of designations of original parts fabricated by means of the 
tooling of the given type. 

Table 30 gives approximate tooling factors in the production of special tool- 
ing. 

The directive graph of the technological preparation of production indicates 
the stages and dates of the preparation of the primary production, allowing for the 
output of the first (type) series of machines. 

The directive graph is prepared by the bureau of production planning (BPPP), 
with the participation of all departments and shops, of the chief technologist, 
chief metallurgist, chief machinist, and power superintendent. 

The directive graph is plotted on the basis of the development drawings of the 
aircraft, the process of its assembly and the classification of its parts and units, 
the planned norms, the deadline for production of the type series of aircraft and 
the preliminary (orientation ) data of the departments and shops on.the schedule and 
volume of work to be done on the new aircraft, and the dates of their performance. 
These original data from the departments and shops are delivered to the bureau of 
production planning of the chief technologist, where the materials are corrected, 
coordinated, and reduced a a through (directive) graph of the technologiiSTATrepa- 


ration for production (Fig.96). 
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In the preparation of the graph, the date fixed for the output of the type 


series of the aircraft is taken as the starting point. For instance, let the dead- 


line for the delivery of the first machine to the airfield be 1 November. The cycle 
of the final aircraft assembly shop is 30 days, In that case, the aircraft assembly 
must begin on l October, By this time, the fuselage must have been delivered to the 
first stand in the final assembly shop. If the fuselage assembly cycle is al- 


So 30 days, then the beginning of its assembly will be 1 September. Knowing the 


Calendar Period 
(in months and decades) 


labor cost of the work of fabricating the tooling for the fuselage, and the number 
of workmen that can be assigned by the tool building shop to fabricate the tooling 
of the fuselage shop, calculation will show that, with this number of workmen, the 


tooling for the fuselage can be ready, let us say, within two months. Consequentl 
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ur eur] 'ioqeT 


£4Tquent 
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the work of fabricating the tooling for the fuselage must begin not later 


than 1 July. This type of consolidated calculation is performed for all assemblies. 
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The directive graph is based on calculations of the throughput capacity of the aux- 
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iliary shops, and is reinforced by the plan of organizational-technical measures. 
The graph envisages the performance of all work on preparation of production by the 
parallel and sequence-parallel methods, 


The directive graph of the technological preparation of production is signed 


Performed by 
Series Production of Aircraft 


Main-production 


Shops 


LN 
Same 


Capital construc- 
' tion dept. 


by the chief engineer and the director of the series enterprise and, after approval, 
becomes binding on the workers of the enterprise. 

The working plan-graph of a department or service is a detailed and refined 
version of the directive graph. It contains schedules of the tooling, calculations 
of the throughput capacities of the shops of production preparation,working graphs ` 


of the production preparation with respect to each assembly, and a plan of organiza- 


Fig.96 - Directive Graph of Technological Preparation of the Enterprise for 
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tional technical measures ensuring fulfillment of the working plan, 
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The tooling schedule includes for each assembly a list of the tooling, its 


aircraft 


a) Wing center section 
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quantity, the deadlines and order of priority of its fabrication, and its STAT cost 
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The calculation of the throughput of the shops whose duty is the preparation 
doug»1oM 


for production must confirm the possibility of performing the forthcoming volume of i Surpuryi) TOOL T913uoep 


work in the periods indicated by the directive graph. qT1) TOOL Terqueg SOTTI TeoTZoTouyoey 


i i i j the dead- 
The working graph of production preparation indicates, starting from the STOOL aseyoung 
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lines of the directive graph, a schedule and the dates for the performance of the 


Tool-Building 
Department 


work on designing of the processes and tooling, production of the tools and intro- 1 UoT4€e1edQ TOO] uo dnouin 


£104 


duction into the main shops. -8.108] TeoTZoTouyoey 


On the basis of the graphic plan approved by the chief engineer, the technolog- 


ical and design departments and auxiliary shops draw up their monthly operative ae doug [Tequemyiedxy 


plans. Zuyqunosoy pue SuruueTd 
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The monthly plan of a department (or shop) is an expanded schedule of the work prd: DU on 
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to be done in the planned month, allowing for the socialist obligations accepted and XioM JUTITA LTquessy 


the plan-fulfillment results of the past month, and also including the extracurric- Jo neeung TE orons 
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ular work resulting from process changes and spoilage in work. 


On the basis of the monthly plan of the department, the managers of the tech- 
quemjaedeqg ZurprTng Too], 
nological bureaus and design groups issue individual monthly plans co the assigned 
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personnel, allowing for the volume of work to be done by the given worker, his Zupqunoooy pue Suruue[ 


Planning-Dispatching 
Bureau 


qualifications, and the productivity of his work, 
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the combined tooling-up for the units and assemblies of the aircraft, The operative 
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record is based on the parts-tooling charts and of the graphs prepared for each unit ; xioM ATQWessy eutuovey 
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of the aircraft, This graph indicates the parts of the units, and the tooling 


necessary for its fabrication. The basis for inclusion of a given item of tooling i à doyg Sur[ooj pedure4c 


in the graph is an order for that item. The tool-building shops report daily on the i 
: nowy 


Zur1unoooy pue Supuue[q 


Fige97 - Vertical Integration Flow Sheet of Chief Technologistts Staff 


& 
943 
"T: 
ag 

o 

¡7 
cham 
an: 
3 
T 
BE 


delivery of finished products, supplying the bureau of production planning of the 


chief technologist with summary reports on the tooling delivered by the main shop, neeing u3rseq SurToo] 
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indicating the numbers of the delivery invoices, The data from the reports are 
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transferred daily to the product-list graphs of the tooling of the technological 
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units. These graphs will permit making a daily record of the orders arriving and 

filled and of the completeness of the sets of tooling for producing each unit of the 

aircraft. D) 
The dispatcherizing of the technological work by methods of organization does 

not differ in principle from the dispatcherizing of the work in the primary produc- 

ing shops. The dispatcher currently controls the course of the work on the basis of 


the monthly plan of preparing for production, and of the graphs for the various 


units. 
Section 14. Organizational Structure and Functions of the Chief Technologist's 
Office 


The chief technologist plays the adie role in the technological preparation 
for production and handles this work in close contact with the chief metallurgist, 
the power superintendent, the chief machinist, and the chief inspector. The chief 
technologist is responsible for the technological preparation for production; gives 
the shops the directives to be followed in working out the manufacturing processes 
and in using new techniques; coordinates the amount, deadlines, set completeness and 
priorities of the tooling for the processes; decides the question of the distribu- 
tion of work between the shops that will ensure identity of the processes, tooling, 
and standards for analogous work. 

Depending on the scale of the enterprise, the technological office has various 
organizational structures, Figure 97 gives the structure of the chief technol- 
ogist's office of a typical aircraft construction enterprise, 

In enterprises that produce light aircraft and do less work on the technolog- 
ical preparation of production, the chief technologistts office has fewer units 
which are under the direct supervision of the. chief technologist. For instance, all 
the technological ,groups are combined into a technological department. All the 
designing groups are combined into the TT of tooling design. 


At aircraft ronstmintian ts, producing medium and heavy aircraft where the 


— 


SEES FI, 


mtm 
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amount of work involved in the technological preparation for production is very 
great, this work is done in three large combined departments: cold-stamping (OKhSH), 
machining, assembling and welding work (OMO), assembly riveting and assembly-fitting 
work (OSKMR). 

Each department is organized on the closed principle and combines the techno- 
logical and designing offices and shops fabricating the tooling. Such a structure 
of the organization operates mainly to relieve the chief technologist of some of his 
workload and, at the same time, concentrates all the work on planning the manufac- 
turing process and tooling, its fabrication and introduction into production, in the 
hands of the departmental superintendent. 

The superintendent of each department is in charge, with respect to methods, of 
the technological bureaus of the corresponding primary shops. The chief of the 
department is responsible for the quality and timeliness of the technological tool- 
ing of these shops, controls the condition of technological discipline there, and 
establishes a schedule of the tooling fabricated by the tool shops and tool- 
maintenance workshop of the main shop. In connection with the great importance of 
a centralized decision on questions of interchangeability of aircraft assemblies, 
the questions of intrashop and intershop interchangeability of aircraft are handled 
at aircraft construction enterprises by the bureau of interchangeability and the 
interchangeability laboratory, while the designing of master and assembly-jig tool- 
ing is handled by the design bureau. Both bureaus and laboratories of interchange- 

ability are integrated in the department of assembly riveting and assembly fitting 


work. 


Let us consider the functions of the bureaus and departments directly subordi- 


nate to the chief technologist. 
The bureau of production planning (BPPP) has the function of operative plan- 
ning, recording, and controlling the work on the technical preparation of GTATUC- 


tion, performed by the departments and shops of the chief technologists. This bureau 
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contains two groups: the technological planning group which makes up the directive 
graph, establishes the type and product list of the work of each shop, defines the 
priority of fabrication of tooling, and prepares the technological planning charts; 
and the group of material standardization which sets up limits on the applicability 
of materials and general and plantwide requisitions of materials, and keeps a log by 
Shops of the material consumption standards. 

Ihe planning and dispatcher bureau prepares the monthly assignments for the 
departments of the chief technologist,and conducts the check-up, recording, and 
control on their fulfillment. 

Ihe tool department plans the acquisition and production of the standardized 
and special cutting, measuring, fitting, and auxiliary tools required by the enter- 
prise; secures the supply of the enterprise with all forms of purchased tools; cal- 
culates and regulates the inventory of tools at the enterprise; organizes technical 
supervision of the operation of standardized and specialized tools; establishes shop 
limits for them and controls the fulfillment of these limits; and organizes the 
centralized grinding and rebuilding of tools. The chief of the tool department has 
direct authority over the staff of the tool department, the central tool crib, the 
central or interdepartmental tool-grinding workshops, the abrasive and tool- 
rabilis woridhopés l 

The planning, fabrication, and supply of the shops with special tooling (dies, 

chills, jigs) is the duty of the departments of cold-stamping, machining-assembly 
s and welding work, assembly-riveting, and assembly-fitting work. 

The experimental shop and the technological laboratory of the chief technolo- 
gist work of the development and introduction into production of improved methods 
of processing and assembly, testing of new methods of tool and tooling fabrication, 
testing aid introduction of high-speed and power cutting systems, and organizing of 
the technical propaganda for introduction of progressive technology and the advanced 


experience of production innovators. 
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The bureau of mechanization and automation works on the mechanization of labor- 
consuming and heavy work, develops the automation of mass operations, directs the 
mechanization and automation of inspection processes, and occupies itself with the 
introduction of intershop and intrashop mechanized transport. 

The principal functions of the chief metallurgist are analogous to the functions 
of the chief technologist and extend to the casting-forging and heat-treating shops, 
the metal-coating shop and the nonmetallic-coating shop. 

In addition to the questions of the technological preparation of series produc- 
tion, the staff of the chief technologist, or a special department of reconstruc- 
tion, works on questions of the reconstruction of production and of designing the 
shops in connection with the expansion of the production scale or of radical im- 
provement in technique. 

The work in the departments of the chief technologist and chief metallurgist 
are organized on the basis of division of labor and specialization of the workers, 


This increases the productivity of their labor. 


Section 15. Prime and Secondary Enterprises and the Forms of Their Cooperation 


In organizing the production of aircraft of a single model at several enter- 
prises, the most advanced of these enterprises is designated as the prime enterprise 
while the remaining ones are secondary, i.e., enterprises which perform the technol- 
ogical preparation for production according to the technical documentation and 
instructions of the prime enterprise. 

There are two basic forms of interrelation and organization of the joint work 
of prime and secondary enterprises, 

In one of these forms, the prime enterprise completely performs the technol- . 
ogical preparation of its own production and, in addition, provides the secondary: 


enterprises with sets of the series drawings and technical documentation of STAT 


article; sets of duplicate theoretical and design loftings, of the master templates 
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for the contours, and of the templates fabricated from the master parts; a set of 
technological documentation and drawings for the tooling, and a set of master tool- 
ing, securing interchangeability of the articles between individual plants. Besides 
this, the prime enterprise is charged with the finalizing and delivery to the sec- 
ondary enterprises of all changes in the drawings and technological documentation, 
as well as with instruction and transfer of experience on technical questions of 
manufacturing the new aircraft. The changes made in the series drawings and the 
technical documentation of' the article, regardless of the point of origin of these 
changes, are finalized.only at the prime enterprise. 

The secondary enterprise produces a single-type product from the technological 
documentation of the prime enterprise, allowing for the features and programs of its 
own enterprise. The shops of production preparation at the secondary enterprise 
prepare templates (except for the templates of the basic cross sections and the 
master template of contour control), part of the master tooling, and all of the re- 
maining tooling. 

In this form of interrelation of the prime and secondary enterprise, the prime 
enterprise is overloaded, a superfluous volume of work is artificially produced 
there, while the initiative of the secondary enterprise is fettered and its capaci- 
ties often incompletely utilized. Such an uneconomic form of connection between the 
prime and secondary enterprise prevents full utilization of all advantages of spe- 
.cialization and cooperation of production, 

In the other form of interrelation in question, the total volume of work on 
the technological preparation of production is distributed between the cooperating 
prime and secondary enterprises, taking account of the economic utilization of ca- 
pacities and of the advanced experience of each enterprise, The work of the coop- 
erating enterprises is broken down into two stages. 

During the first stage, the directive technology is worked out. For this pur- 


pose, a combined team of technologists and designers of all cooperating enterprises 
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and representatives of the development design bureau is organized at the prime en- 
terprise. The guiding nucleus of the team is formed by the chief technologist of 
the cooperating enterprises and the senior representative of the development design 
office, who jointly plan and approve the initial formulations for each document of 
the flow sheet. In addition, the combined team plots a summary graph of the tech- 
nological preparation and tooling for each enterprise, starting from the assigned 
deadlines; establishes the form of specialization of each enterprise in the design- 
ing and fabrication of definite forms of tooling, taking account of the personnel 
and capacity of the auxiliary shops of the cooperating enterprises; plans, for each 
type of work, the products list and the quantity of tooling to be produced, the 
Specifications of its fabrication and the enterprise that is to produce this tool- 
ing. Each cooperating enterprise is to produce, for the parts list assigned to it, 
the dies, jigs, attachments, tools, and parts for the first series of aircraft for 
all the remaining enterprises, in accordance with the unified specifications of the 
crew and on the basis of the deadline indicated in the graph. 

The work of the combined team ends with the development of the materials of the 
directive technology. Then the second stage begins, which constitutes the planning 
of the working technology. This work is done independently by each enterprise, 
guided by the data of the directive technology and the unitary graph of production 
tooling. At this stage, the prime enterprise coordinates the work of the enter- 
prises and exercises operative control of their fulfillment of the graph. 

This form of specialization and cooperation is highly effective. As shox by 
experience, this allows a change-over from the production of one aircraft to the 
production of another, without lowering the output rates, and permits a considerable 
reduction in the labor cost and & noticeable shortening of the cycle of complete 
mastery of the production of the ied aiPcraft. Cooperation and specialization of 


the enterprises allows complete tool-up of the fabricating and processing Sho PATI 


the beginning of putting a new aircraft into production. It is also expedient to 


STAT: 
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specialize the enterprises, one for the manufacture of aircraft instruments, another 
for the manufacture of ground equipment, etc., for all of the cooperating enter- e 
prises, 

"This form of specialization and cooperation allows the organization of a single 


system of technological preparation of production at all enterprises, and permits a 


fuller dissemination of advanced experience of each entérprise to all the others, 
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CHAPTER XI 


ORGANIZATION OF THE DRAFTING AND LOFTING-TEMPLATE SYSTEM 


The basic technical documents for the aircraft are the drawings, loftings, and 
templates, the specifications for the aircraft and its parts, the schedules of 
standard parts, the list of drawings by groups, and the list of schedules for the 
aircraft as a whole, the general technical specifications (TU), the productive in- 
structions and process charts, the specifications of materials and the technical 
description of the aircraft. To provide for order in the reproduction of the tech- 
nical documentation and in the fabrication of templates, for proper storage, utili- 
zation, and replacement of this technical documentation at enterprises, a central 
technical file (for drawings), and a lofting-template shop are organized at the en- 


terprises. 


Organization of the Technical Documentation File 


A central technical file (TsTA), with branches in the shops and several depart- 
ments, is organized within the development design office of a development enterprise 
or the series design department of a series enterprlas, The central technical file 
department is charged with the following functions: 

1) Receipt, registration, storage, issue, and recording of the movement of 
drawings and other technical documents; 


STAT 
2) Providing the secondary enterprises, shops, departments, and other sub- 
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scribers: with the necessary number of copies of drawings and other technical 1) Originals, which are drawings made with pencil or india ink on any material 
documents; : and serving for the preparation of duplicate original drawings; 
3) Withdrawal of canceled drawings and other technical documents and replace- 0 | e 2) Duplicate originals, consisting of the principal drawing of the part, unit, 
ment of worn documents; - assembly, or article, with all signatures and finalized on a material such that 
4) Supervision of the organization of correct storage, recording, and issue ' copies can be made by blueprinting, photostating, or other methods; 
of drawings at the file departments of shops and departments. 3) Duplicates, which are copies of the duplicate originals, made on transparent 
All original drawings for the basic article, and the copies serving as origi- i material (in exchange for worn drawings); 
nals, must be stored at the central technical files, 4) Copies, which are blueprints or photostats of the duplicate original draw- 
| The equipment of the room and the procedure for maintenance of the technical ings. 
| files, the rights and duties of the file clerks, the procedure for acceptance and : | The technical documents for an article of a development or series enterprise 
| issuance of documents, the rules and periods for their storage are defined by spe- must be in complete sets. The composition of a set of technical documents is pre- 
cial instructions. scribed by Standard MAP-AN 1237. 
Section l. Categories of Drawings and Their Classification Section 2, Finalizing, Recording, and Issuing of Duplicate Originals and Copies 
of Drawings 
The drawings of articles for the main production are divided into three prin- o e E NR RR RR UTE 


cipal categories: 
7 cal files accept and store only finalized documentation. On receipt of duplicate 
1) Design drawings (theoretical, matching, and layout). These give the overall 
: > ; originals for.storage at the central technical files, the completeness of the docu- 
view of the article and its parts. These drawings provide a general idea as to the . 
' al k z mentation set is checked, as well as the presence of all notations; the signatures 
struċture, operating principle, and dimensions of the article being designed and ] 
" ] A are verified, and the suitability of the duplicate originals for production of clear 
contain the necessary data for preparation of the working drawings. 
" ` copies is checked, The accepted duplicate original drawings are registered, in com- 
2) Mockup drawings. These drawings contain the data necessary for the manufac- 
i 3 ] plete sets for a unit, in the inventory log; an inventory number is assigned to each 
ture of mockups of the article, its parts, and equipment. 
` : drawing, a record card is started for it, the number of copies to be made from the 
3) Production drawings. These contain all data necessary for the manufacture ' M í i p . 
` l tracin er is established, and the number of the order is entered on the tracing. 
of the basic article. Production drawings are subdivided into drawings of the de- ' RR PRE d : E 
5 Drawings for an aircraft are compiled into desi roups at the central technical 
velopment production, drawings of the type series, drawings of series production, S E BNET : 
€ i ə A schedule of drawin f th rts and units in the group is made u 
and repair drawings. files room schedule o awings o e pa group P 
; ] ; roup. The duplicate originals of the drawings and other technical docu- 
„According to the purpose and character of utilization, drawings are divided Eran p : "DE 2 


into: E : 9 


420 1,21 STAT 


ments are issued only for reproduction, entry of changes, and re-issue. DuplSTAT: 


originals for making copies are issued on requisition by the central technical files 
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room, while duplicates for entry of changes are issued on requisition and schedule record card is kept for each drawing to record the library copies, When the borrow- 


or the department that originally issued the drawinge The central technical files er returns the library copy, a note of its return is made on the card, and the 


of the development enterprise delivers the development drawings for the aircraft 6 requisition is returned or destroyed. : 


going into series production to the central technical drawings files of the series- 


Section 3. Receipt, Recording, Finalizing, and Issuing of Copies of Drawings in 
the Files of Shops and Departments 


design department of the series enterprise, where the drawings are stored according 


to the same design groups as at the development design office. 


Duplication, Storage, and Recording of Copies. The overlay of the drawing, 


with the order number noted on it, is delivered by the central technical files to 


A technical drawing file (VYCh) is organized in each shop. The technical files 
of the shop have the functions of receiving, storing, recording, issuing, and re- 


the blueprint room for making copies (blueprints). On the copias; She centra Techa calling drawings. Drawings reach the shop through its téchnical files. 


nical files enter the number of the set and stamp the purpose of the copy ("replace- The issue of copies from the central technical files to the shop files is made 


ment of worn-out copy", "reference", "standard", not recorded"). on the basis of a distribution list. The numbers of the requester shops are taken 


The central technical files store the file copies, control copies, and library from the shop distribution list of the department of the chief technologist. A 


copies of the drawings and other technical documents. schedule of the remaining permanent requesters and the number of blueprints to be 


The file copy fixes the state of the design at the time of its approvals de E issued to them is established on a list approved by the chief engineer. Copies are 


changes are made in the file Copy, and this copy is not released from the files. issued from the central technical files to an authorized person, the file clerk of 


the shop or department. The copies of the drawing bear the number of the shop or 
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Ihe control copy serves to verify the drawings, and all changes are entered in 


it at the same time they are entered in the duplicate original, depurwleny.-vo-MBTeh they are Lasne; 


Ihe library copy of the drawing is issued from the files for a definite period On receipt of copies from the central technical files, the file clerk checks 


for service use and must be returned without fail to the files at the end of that 
period, 


their numbers, quantity, and quality, and also inspects the copies for presence of 
the number of the shop or department to which they are issued. The copies received 
are registered by the file clerk in the shop inventory log of drawings. Each copy 


The copies are stored in the files in the form of individual drawings and doc- 


uments and in the form of albums, made up into sets by articles or according to some is given a number which is entered on the back of the copy. For éach number of the 


other principle. drawing (but not of the copy), a record card showing the movement of the drawings is 


- The copies are recorded in the drawing-record card file, made out. Besides drawings, the technical files of the shop also receive the 


The control copies are issued from the central technical file rooms on written drawing-modification sheets and the drawing-refinement sheets from the central tech- 


disposition of the chief of the department that originally issued the technical doc A 


The issue of drawings'and other technical documents to the work: stations is 
STAT 


ument, and only for entry of changes or for corrections. 
carried out by the shop files after the chief of the technological bureau has famil- 


The library copies are issued against requisition signed by the borrower, A 
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iarized himself with this documentation. Technical documentation may be issued from 
the file room on personal account, on requisitions, or on stubs. 

Personal accounts of a library system of utilizing drawings are kept for de- 
signers, technologists, standards men, dispatchers, and other technical personnel 
who continually make use of drawing3. A personal account is opened on the authoriza- 
tion of the superintendent of the shop or department. 


In the system of issuing drawings on work orders (or work cards) the planner of 


VV 


Fig.98 - Blank Drawing for Standardized and Typical Tooling 


‘the shop, on the basis of a work order, writes out a request for the drawing from 


the technical files of the shop, The request and work order are delivered by the 
planner to the technical file room of the shop to select the copies of the drawing. 
The clerk of the technical files of the shop, on selecting the Copies, notes the 
issue of the drawings to the workman in the Bard index, records the numbers of the 
selected drawings in the requisition, and enters on the work order "with drawings", 


The work order with the drawings from the shop technical files is issued to the 
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planner against his receipt on the requisition, which is kept in the file room. On 
return of the drawings to the files, the work order and requisition are stamped 
"drawings returned". Without this note, the work order is not accepted for payment. 

If the drawings are issued against stubs, then a board is kept in the technical 
file room of the shop, provided with hooks for the stubs and numbers. The numbers 
are based on the number of workers. For each number, several stübs are prepared, 
usually from two to five. A list of workers who have received stubs entitling them 
to the drawings is drawn up in the shop. For each drawing or set of specifications 
issued, one stub is hung on its number on the board. When the drawing is returned, 
the stub is returned to the workman. 

Organization Features of the Technical Files at the Department of the Chief 
Technologist. Drawings of articles and technological documentation are kept in the 
technical files of the department of the chief technologist. The file clerks of the 
department of the chief technologist have the duty to register, €] reproduce, 
and issue technological documentation to the shops and to certain departments. 

The process chart or flow sheet, finalized by the shops on tracing paper, is 
delivered to the technological file room. Here, for each shop, a special book for 
registration of the flow sheets is kept. On registration of the flow sheet, the 
number of the drawing of that part or unit for which it was made up is assigned to 
it. The tracing of the flow sheet is then delivered by the file room to the blue- 
print shop for reproduction. After return of the tracing and its copies from the 
blueprint shops to the file room of the department of the chief technologist, a 
record card is made out for the flow sheet, indicating the movement of each copy of 
the blueprint. The number of the blueprint indicates to whom it may be issued. The 
printed blueprints of the flow sheets are forwarded by the file room according to 
purpose, against receipt on the record card, while tlie tracings are retained in the 
file room. The record cards are arranged in the card index of the file room LAT (ic 


visions: drawings of primary article, flow sheets, drawings of tooling, and of 
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tools. 


Section 4e Methods of Reproducing Technical Documentation 


Technical documentation may be reproduced by the methods of blueprinting, 
photography, photostating, penei tracing on parchment, followed by reproduction on 
diazo tracing paper, printing, and utilization of prepared blank drawings. 

Photography and photostating have the advantage over other methods of copying 
of being free from the errors possible in tracings, and of accelerating the process 
of making copies. Photostating likewise preserves the scale of the original. 

To finalize a drawing for unified parts and tools, the use of blank drawings 
is recommended, in which the graphic part, the text and the stamp in the corner, are 
first made by a typographic or hectographic method (Fig.98). The blank dimensions 
in the blank drawing are entered by the designer when he designs the tooling. 


For standard parts, albums of ready-made drawings should be used. 


ORGANIZATION OF THE LOFT-TEMPLATE SHOP 


Section 5. Purpose, Composition, and Functions of the Shop 


In aircraft building, the drafting organization is supplemented by a loft- 
template organization which is of extreme importance in ensuring interchangeability 
of aircraft elements and to minimize the matching and fitting work. The iloft- 
template organization is handled by the loft-template hes whose primary task is the 
loft-fitting of the aircraft and the supply of templates, form-blocks, sand molds, 
and other loft-template tooling to the shops, Ina loft-template shop, the tracing 
of the theoretical and design- lofts of the assemblies and units of tease is 


done; templates are prepared which are supplied to the productive Shops; theoretical 


and design loftings, master and standard templates are Stored; standards of the 


Surfaces and complex blocks are traced; changes are made in the loftings, templates, 
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and reference surfaces, 


To do this work, the following departments are organized in the shop: lofting, 
e template, and central template stockroom. 


The lofting department consists of lofting groups, groups of matching and con- 


trol of changes, technical documentation files, and a stockroom for design loftings. 


The lofting groups are specialized by assemblies of the aircraft, and consists of 


the designer-lofters and fitters and layout man and do the following work: 


1) Trace the theoretical and design loftings and lay out the master contour 


templates, the surface plaster blocks and standards, enter the required 


changes, and keep the theoretical and design loftings; 


2) Refine and agree with the template office on the number and list of tem- 


plates, make out and standardize the assignments for their production, issue 


instructions on changes in the templates, perform the final acceptance of 


sets of templates in the fitting Workshop after their acceptance by the BTsK; 


9 3) Consult the shops and discuss their claims in connection with the utiliza- 
tion of lofting-template tooling. 


Each group handles all questions connected with the tracing of the loft for a 


definite assembly. 


The template department consists of a template-making bureau, manufacturing, 


and fitting workshops for the fabrication of templates, and a photographic workshop, 


The template bureau determines the list and number of templates and follows up 


the modification and replacement of templates, 


pt 
a 


The production Workshop performs the rational layout of the blank templates and 


Foe ae 4004 1 NA La 


the control prints; adjusts (corrects) the templates; does the welding, coppersmith- 
ing, and painting of the template for all departments of the shop. 
The fitting workshops specialize in the fabrication of templates for definite 


assemblies, 
STAT 
The photographic workshop does the work of preparing the blank templates, the 
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and a record, indicating the characteristics and sketch of the lofting, together 


blueprinting of the prints from the design loftings for the production of templates 


with the names of the draftsmen, the staff members tracing the lofting, and the in- 


and for the definitive finalizing of the photoprints. If there is an offset ma- 


chine, the photographic workshop uses it for printing the lofting layouts with the d] & spector accepting it. Any mismatch and errors in the drawings found on the tracing 


of the lofting are entered in the coordination log and are settled with the series- 


design layouts for the manufacture of the templates. 


At some plants, the template department includes a sand mold and a wooden fix- design department and the development design office, where a change sheet is made 


out for each change, to be used as basis for making later changes in the lofting. 


ture workshop. 


At other plants this workshop is an independent department. 


After the lofting has been traced and approved, its rating sheet is delivered to the 


The central template store is subordinate to the production-dispatcher bureau 


shop inspection bureau for storage, while the face card of the rating plate is de- 


of the shop and includes a group for storage and recording of the templates, con- 


livered to the technologist for entering the performance of the work by the oper- 


sisting of stockroom clerks and set makers assigned to specific assemblies of the 


ators and their pay. 


aircraft, and a shipping department, consisting of a dispatcher and helpers at his 


The theoretical loftings are kept in the loft department, while the design 


disposition, to deliver the templates assigned to the consumer shops. 


The group of storage and record accepts the templates from the departments of ` loftings are kept in the stockroom department. Loftings made of "Vinyprose" are 


stored in a horizontal position, while those made of metal are stored in a vertical 


the lofting-template shop and issues templates for their use, arranges and stores 


the basic and master templates and the master parts, makes up sets of the working position. For each lofting, the stockroom department makes out a record card enter- 


and jig templates and delivers them to the shop shipping department, and records the ing on it the place of storage of the lofting. 


presence and movements of the templates. Further refinement of the loftings and templates is unavoidable during the pro- 


The shipping department of the template shop sends the finished templates to duction of a new aircraft. The jointing (mutual matching) of the loftings and tem- 


all shops of the enterprise and receives from them standard reference parts and plates, as well as their verification, is handled by the group concerned with these 


a 
l. templates to be modified or cancelled. d matches and is performed by the most experienced designers and lofters. All mis- 


: matches found in production are registered in a special mismatch log, stating the 
Section 6. Fabrication of Loftings and Templates 


measures adopted. 


In order to determine the number of templates to be prepared, the technologist 


A schedule of the lofts for the aircraft is planned by the loft department, in 


| agreement with the series-design department and the department of the chief tech- in each consumer shop sets up a schedule of templates for each design unit. 


nologist. Based on the directive graph, the productive-dispatcher bureau of the The template schedule contains a list of all templates necessary for producing 


lofting-template shop prepares a graph for priority and deadlines of the laying out the design unit of the article, as well as the specifications for the preparation of 


of the loftings for the aircraft assemblies, the templates. 


For tracing of each lofting, the chief of the lofting department makes out à 


The specifications contain data as to the requirements made on the ten US 


^ by the manufacturing process, as to the number of guide holes for fixing the posi- 


rating plate, The i t the same time, represents a technical document P) 
Rg 
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tion of the parts during their manufacture, as to the number of tool holes for at- 
taching the workpieces to the dies. 

The technologists of the department of assembly-riveting work enter the guide- 
hole data in the specifications, giving the holes by which the part or unit is fixed 
in the assembly jig, as well as data on the assembly holes for attaching the parts 
in the assembly without a jig, and on the guide holes used for drilling rivet holes 
in the parts. 

To indicate the order of the arrangement of all holes on a template, a set of 
blueprints of the design drawings of the aircraft is annexed to the template sched- 
ule. On this so-called unrecorded set of blueprints of the assembly and detail 
drawings, the technologist indicates the position of the holes in colored pencil. 

The template schedule, in two copies, with the annexed diagram of the position ° 
of the holes is delivered to tlie lofting-template shop, Here the schedule is en- 
tered in the registration log of template schedules, and the technologist and de- 
signer then check the production list of the ordered templates and register them on 
record cards for template tooling of the part. On the basis of the template sched- 
ule, the technologist of the lofting-template shop works out the process of manu- 
facturing the templates and finalizes it in the shape of an assignment for the fab- 
rication of a set of templates for the design part. At the same time, the technol- 
ogist makes out a requisition for procurement and return of the templates necessary 
for the jointing and matching of the templates being prepared, In cases where ad- 

. ditional work must be done on the loftings to execute the order for the templates, 
the technologist gives the instructions to do that work to the chief of the lofting 
group. After completion of the lofting Work, the technologist delivers all docu- 
mentation on production of the templates to the production-dispatcher M At 
the dispatcher bureau, the deadlines are determined and the operators for the as- 
signment are indicated, after which the documentation is turned over to the planner- 


recorder who registers the assignment in the record for the assignments put into 


430 


process, and enters it in the plan graph. In accordance with the assignment, the 
work-order clerk makes out the work orders for the workman and the requisitions for 
materials, The assignment, work orders, and requisitions for materials are deliv- 
ered by the work-order clerk to the preparer of the workshop, against his signing 
the record log for work issued. Simultaneously with the issue to the production 
group of the documentation for the production of the templates, the number and date 
of issue of the assignment for making the templates are noted in the template sched- 
ule against each item. This indicates which templates are in process and which have 
already been made, 

The foreman of the section, on the basis of the plan-graph of work, makes up an 
assignment for each shift indicating which template must be produced by what workman 
in a given shift. On the basis of the shift assignment and the work orders, the 
preparer of the section receives the material from the stockroom and issues it to 
the production group which cuts out the blanks for the templates to the dimensions 
indicated by the technologist in the assignment. The set of workpieces accepted by 
the inspector of the shop inspection bureau is delivered by the preparer of the fab- 
ricating workshop, against receipt on the shift assignment, to the preparer of the 
photographic workshop. The latter, on the basis of the shift assignnent, receives 
the necessary design loftings from the stockroom and, after making prints of them, 
returns the lofting to the store. 

The preparer of the fitting workshop, after receiving a set of workpieces from 
the stockrooms, their photoprints, and the templates necessary for matching and 
jointing, reports to the foreman that the set is ready. The set is then entered by 
the planner in the shift assignment of the workshop, indicating the fitter that is 
to do the work and the templates he is to fabricate. 

The templates are accepted by the inspector only in a set for the unit. Final 
acceptance of the set of templates is done by the leader of the team of the cr ring 


group. A rating sheet is finalized for the complicated templates. The newly pro- 
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duced and accepted templates, together with the templates taken for matching, are 


` delivered by the preparer of the fitting workshop to the template stockroom where 


the set-man of the stockrooms receipts for them on the shift assignment of the work- 
Shop, After this, the finalized workments charts and shift assignment are delivered 
to the planner-recorder for noting their fabrication in the template schedule and 
for noting the fulfillment of the assignment in the record log of assignments. The 
sheet, with the shift assignment and work order is then delivered by the planner to 


the accounting office for payment, 


Section 7. Organization of the Work of the Template Stockroom 


The templates accepted from the preparer of the fitter workshop are entered by 
the set-man of the store in the template inventory book kept for each assembly. 


For each template arriving in the template stockroom, a record card is kept, 


Table 31 


Category | Type of Category Approximate Dimensions, 


Method of Storage 
No. in mm 


Small template 


Up to 300 x 150 Racks with boxes for tem- 


plates 


Medium templates Up to 1500 x 500 Racks with hooks for tem- 
plates 
3 Long templates Up to 3000 x 700 Racks with horizontal 
shelves for 3 - 5 templates 
h Large templates | Over 3000 x 700 Special racks 
5 Round templates Special racks 


1000 * 1000 or more 


All the templates are sorted by the stockroom into those remaining at the stockroom 
(master and basic) and those to be delivered to the consumer shops (working and 
jig). 


The master and basic tem 


are grouped by design Eroups, overall dimen- 


432 . 


slons, and place of storage. The number indicating the place of storage is punched 
on the template and indicated in the record card. The master and basic templates 
&re Stored in the stockroom by assemblies and, within the limits of the group of 
templates for each assembly, by overall dimensions. The methods of Storing templates i 
are typified (cf.Table 31). 

The working and the jig templates are delivered by the set-man of the template 
stockroom, together with the record cards, to the shipping department of the lofting- 
template shop, where the templates are laid out in sets on distributing tables as- 
signed to their respective consumer shops. From these tables, the messengers of the 
Store carry the templates to the consumer shop, having finalized the delivery of the 
templates by bills of lading or by receipt of the Shop representative on the record 
cards of the templates, The workers of the shop also have the duty to recall from 
the shops any template that has been cancelled or is Subject to modification. The 
canceled and modified templates are stored on the shelves of the stockroom, 


At each consumer shop, a template stockroom is set up, in which organization of 


the template storage is similar to that described above, 


STAT 
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` CHAPTER XII 


ORGANIZATION OF QUALITY CONTROL 


Section 1. Purpose, Task, and Objects of the Control 


The trouble-free operation of an aircraft and its long service life depend on 
the quality of its manufacture. For this reason, the State obligates each enter- 
prise to produce only a product of excellent quality. In aviation, the safety of 
flight depends on the quality of manufacture, and therefore special attention is 
paid at aviation enterprises to product quality. 

The quality of manufacture of aircraft means its complete conformity to the 
drawings and specifications. 

Side by side with the attempt to improve product quality, it is particularly 
important to completely eliminate spoiled work or scrap. 

To prevent the output of products of poor quality, an inspection service is 
organized at an aviation enterprise, charged with the following tasks: 

Making sure that only finished products in complete sets and in strict con- 
formity with the demas standards, and specifications are shipped out by 
the enterprise; 
Perelman and introduction of preventive inspection, to prevent the 
spoiled work and scrap at all stages of manufacture of the product; 

Control over checking of the manufacturing process during production, and 
verification of the product quality. 


The objects of inspection at an aviation enterprise are the materials, semi- 


1431, 
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finished products, and finished articles delivered to the enterprise and stored 
there, the facilities by which the product is manufactured and by which its quality 
is checked, the manufacturing processes, and the finished product of the enterprise. 

The materials, semifinished and component finished articles are inspected to 
prevent products in unsatisfactory condition from entering the enterprise. Conform- 
ity of a batch of materials, semifinished, and finished components with the technical 
characterization indicated in the invoice is verified. 

The equipment, its tooling, and its means of control are checked by the in- 
spection team to prevent spoilage of the product due to poor condition of the imple- 
ments of production. For this purpose the inspection workers periodically check the 
conformity of the equipment, tooling and means of inspection with their accuracy 
characteristics indicated in their identification sheets. 

The product of the enterprise is checked at all stages of its manufacture, so 
as to detect, in good time, any possible spoilage, to prevent the delivery of spoiled 
parts to the next operations, and to determine the quantity and quality of the pro- 


duct manufactured by its workmen. 


Section 2. Forms and Methods of Inspection 


Depending on the stage of the process of manufacture of the part, unit or as- 
sembly, inspections are divided into preliminary, operational, and final. 

Preliminary, or preventive, inspection is directed toward elimination of the 
causes resulting in spoilage and is used to check the materials and. wend finished 
components arriving at the enterprise, as well as to check the condition of the 
equipment and the quality of its adjustment. 

Operational or intermediate inspection is performed by an inspector for opera- 
tions of higher accuracy; for operations at which a high surface finish is obtained; 
for operations after which the parts are delivered to a different section stat 


different ahan? for quality cannot be subsequently checked. Work- 
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men who have gained good rating, due to the excellent quality of their work, receive 
an individual inspection stamp and the right of independent inspection of these op- 
erations. 


The inspection of all secondary operations and the responsibility for their 


quality is the duty of the workmen themselves and of the foremen. 


Final inspectign has the duty of checking the quality of a part, unit, assem- 
bly, or of the aircraft. Final inspection is handled only by the inspection depart- 
ment. 

Depending on the number of objects being checked, inspection may be either 
random or complete. 

In random inspection or spot checks, only part of the product is checked. Such 
inspection is used in cases where the equipment itself guarantees uniformity of the 
products fabricated (stamping on presses, machining on automatic machine tools), in 
operations where spoilage is accidental, and in operations after which the product, 
during later operations, will be subjected to complete or 100% inspection. The num- 
ber of parts checked and the period of the sampling are prescribed by the inspection 
department. 

A spot-cheok inspection, according to its form, may be either systematic or 
nonsystematic. In the former case it is applied at definite time intervals or after 
a definite number of parts have been processed. In the latter case, the inspector 
will appear suddenly. In spot-check inspection, the inspector removes the processed 
part from the machine. If it proves to be within the limits of the specified dimen- 
sions, then the inspector takes, at his discretion, one or several other parts from 
among those processed. If all the parts prove to be within the tolerance limits, 
then the whole lot of parts is accepted, stamped by the inspector, and removed from 
the work station. If, however, a part machined in the presence of the inspector 
proves to be faulty, then the entire lot of parts processed during the period be- 


tween two, inspections is checked by the inspector, and may be rejected. 
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Complete or 100% inspection is usually combined with the final inspection, and 
is characterized by checking 100% of the product. At aircraft plants all parts, 
units, sections, and assemblies that have been completely processed are subjected 
to 100% inspection. 

Stationary inspection is characterized by a fixed inspection point, to which 
the object to be inspected is routed. Such inspection is used on production lines 
in checking a large number of identical objects, which may be more conveniently 
checked at a special inspection point; on the acceptance of parts whose processing 
has been completed before delivery to the store or to a different section; and on 
checking of parts requiring special equipment or a special room. 

In mobile inspection, one inspector serves a group of work stations. As shown 
by the experience of skilled inspectors, mobile inspection of each work station 
according to a graph and a definite route, for instance a circular route, assures 
timely transfer of parts from one work station to the next. 

Inspection control is applied by the chief inspector to check the quality of 
the work of the shop inspectors and extends to any form of product accepted by an 
inspector. 

There are a number of inspection methods: visual, geometric, analytical, struc- 
tural, strength, and others. 

Visual inspection is intended to reveal obvious external damage and other de- 
fects of the object checked by external inspection with the naked eye or by the aid 
of a magnifying glass. This method is subjective, is indisputable only in the case 
of obvious defects, and usually precedes the application of other and more complex 
inspection methods. 

Geometric inspection is used to check the accuracy of the shapes and dimensions 
of objects within the limits of the assigned tolerances, and is accomplished by 
means of universal or special gages and of various instruments. STAT 


inalutiral inenection ia nsed Lo investigate the chemical composition of mater- 
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Rockwell hardness tester, etc. 
Radioactive tracer inspection is used to check complex production processes run 


&t high speeds, temperatures, and pressures, for quality control in cases where the 
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earlier methods have proved to be ineffective or disadvantageous. 


Productivity 
per hour, 
in Pieces 


Part No. N-6844 L6 Type of 
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Table 32 


Section 3. Statistical Method of Quality Control 


Dimensions of Parts in mm 


One of the forms of sampling control is the statistical method of control, 
which makes it possible to verify the quality of parts, to prevent the appearance of 


spoilage or scrap, and to ensure stability of the manufacturing process. This method 


Single-Spindle 
Automatic Machine 
Inventory No, 


of control is advantageous in mass production. In aircraft construction, it is used 
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riveting operations. The work on introduction of the statistical method of control 
is usually performed in two stages. 
In the first stage, the condition of the equipment is analyzed to establish its 


operating accuracy. 
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In the second stage, the routine control of the quality of the processing of 


the parts is accomplished by the method of statistical control. 
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Strength inspection is intended to disclose the mechanical properties of mater- 


dials, and is performed on the Brinell hardness tester, the Shore sceleroscope, the 
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Rockwell hardness tester, etc. 
Radioactive tracer inspection is used to check complex production processes run 


at high speeds, temperatures, and pressures, for quality control in cases where the 


earlier methods have proved to be ineffective or disadvantageous. 


Productivity 
per hour, 
in Pieces 
Operation 


Table 32 
Type of 


H 
Y 
42 
* 
[^P 
E 
Es 
3) 
= 


Section 3. Statistical Method of Quality Control 


Dimensions of Parts in mm 


Group No. 1 2 3 4 5 7 10 R. of 
Groups 


One of the forms of sampling control is the statistical method of control, 


which makes it possible to verify the quality of parts, to prevent the appearance of 


spoilage or scrap, and to ensure stability of the manufacturing process. This method Ñ 


Single-Spindle 
Automatic Machine 
Inventory No, 


No. of Part 


of control is advantageous in mass production. In aircraft construction, it is used 
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in machining parts on automatic machine tools, in heat treatment, in coating and 


riveting operations. The work on introduction of the statistical method of control 


tate tae mne inn Sale Caen ite SURREY da 
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is usually performed in two stages. 


In the first stage, the condition of the equipment is analyzed to establish its 


LLL ee ee ae g 


operating accuracy. 
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In the second stage, the routine control of the quality of the processing of 


in Group 


the parts is accomplished by the method of statistical control. 
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To perform statistical control, machine tools and tooling in good condition and 
already checked, must be selected. This is necessary to eliminate the influence, on 
the results of the statistical control, of factors due to the incomplete preparation 
of the work station for normal operating conditions. The accuracy of the machine is 
detarminsd by its accuracy characteristic or operating accuracy. 

To establish an accuracy characteristic of a machine, a sample lot of parts 
machined between two successive setups of the machine is taken. The size of the 
batch is isusiiy 100 - 200 parts. At the time the parts are removed from the ma- 
chine, or after the entire batch has been machined, each part is measured with re- 
spect to the necessary parameters, and the results of the measurements are entered 


on a special card. 


Table 33 


1[5,898| 1 7|5,998| 2  [13|]5,94| 8  [19|5,990| 4 
215,900| 2 8/5,909} 3 114/5,915} 5  l20|5,921 1 
3 5,901 1 915,910] 2  |15[5,916|] 19  |21|5,999| 3 
4|5,903|] 2 10 | 5,911 2  [15|5,97| 12 
515,96] 5 f11/5,912} 5  ]|17|5,98| 17 
6 |5,907| 1 12/5913, 6 |18/5,919] 9 


a) Group No,; b) Dimensions of part, x; c) Number of parts 


of the same dimension (frequency) ni 


Table 32 gives a specimen of such a card. The results of 110 measurements of 
the outside diameter of a part "bushing' are entered. 


The results of measurements are arranged in ascending order (Table 33), 


AreearAinga tn + 


| 
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te of identical dimensions X;, the test lot is 
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divided into 21 groups. The number of parts with the same dimension in each group 
is called the absolute frequency, and is denoted by nj. 

Àn accuracy diagram (Fig.99) is drawn on the basis of these data. 

From the accuracy diagram, one determines the center of distribution of the 
dimensions of the part, the range of variation of the test lot, the degree of varia- 
tion of the dimensions, the coefficient of displacement of the setup, and the coef- 
ficient of quality of the process. These data, taken together, are what constitutes 
the accuracy characteristic of the equipment. 

The center of scattering (or the center of grouping, as it is somestimes called) 


of the dimensions of the parts in the test lot, x, is found from the formula for the 
arithmetic mean: 


È nx, 
pos X X 3.5 Zr m 
=M tT 73X34- nexe T I ium] , 
THU. . +nie n 


where n is the number of parts in the test lot; 
on; is the sum of frequencies equal to the number of parts in the test lot; 
c is the number of groups of parts in the test lot. 
In our example, c = 21 and Jn, = 110. Let us determine the center of scatter- 


ing (grouping) of the dimensions of the parts of the test lot: 


xu 1X35,898+2x5,9004+1X5,9014+2X5,903+5x5,906-+1x 5,907 
A A AAA ASA AA A WOT X DA LN 


1--24-14-2--5--1 
ol 2x5, 908 +3x5,909+2x5,910+2x5,911+5x5,912+6x5,913 1 
2+3+2+24+5+6 
+ 8x5,914+5x5,915-++19x5,916+12x5,917+17 x 5,918 + 
84+5+194124+17+9 
4 9X5,9194-4X5,92041X5,92143X5, 922 = 605,604 — 5,915. 
44143 110 


The range of variation of the test lot R is determined by the formula: 


STAT . 
R=X max Xmin, 


STAT 
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where Xmax is the maximum value of the part dimension in the test lot; 
min is the minimum value of the part dimension in the test lot. 
For our example, R = 5.922 - 5.898 = 0.024 mm. 

The degree of scattering 6 of the dimensions of the batch of parts about the 


center of scattering is found from the formula for the mean-square deviation: 


-y m(x—x)'-nin—x)t.... 4ne(x, — x)? - 
y+ Mot EPI 
x^ € = 
ps DAn(Gi—x) 
z y 4 
0.002701, 
In our case, © -l — Ho "0.0048. 


The smaller the value of 6, the more compactly will the individual values of Xx 


n 3 . 


be distributed about the center of scattering x, and the more closely will the curve 
connecting the individual values of x, on the accuracy diagram approach the curve 
of normal distribution. 

The curve of normal distribution (Fig.100) is symmetric with respect to the 


scattering center X ,i.e., the values of x; which are equidistant from X on the 
side of increase or decrease, are of equal frequency. In this case, the range of 
variation is taken as equal to six times the mean-square deviation, i.e., R = 
*CXmax ^ “nin ^ 66. Such a distribution expresses the law of normal distribution, 
according to which the area bounded by the curve of normal distribution and the 
abscissa includes 100% of all cases of the investigated dimensions of the lot of 
parts. The area from -6 to tọ » called the two=agigma zone, covers 68.27% of all 
cases of measurement; the area from -2 6 to "T covers 95 of 5% of all cases, and the 
area from - 36 io *36 covers 99.73$ of all cases of measurements and is called the 
six-sigma zone, 

To obtain the accuracy characteristic of a given process, the first values 


determined are the ratio of the magnitude of the tolerance field to the investi- 


ix-sigma zone 66 (characterizing the scattering 
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Fig.99 - Accuracy Diagram Prepared from the Data of Table 32 


&) Upper limit of tolerance (VDP); b) Lower limit of tolerance (NDP) 


STAT 
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of the dimensions of the parts under the law of normal distribution), and the range 
of variation R of the test lot. According to the relations between these three 


quantities, all processes may be divided into six groups: 


1) R>66>8; 4) 6s>3>R; 
2) 66 R23; 5) $5» R»66; LLL LIE 
3) R>>60; 6) ¿>69>R. ces TII LI 
z RII I TTT 
The first three groups characterize the existence of defective parts, since SE EMSC RICE Ee Seaver ase, 


R >. In these cases, the processes should be carefully examined, and the causes 


1) Sampling 


Inspector 


j 


P 


selection 
o) Date; 


verification, calibration 


for the violation of the tolerance limits determined and removed, The last three 


groups indicate the absence of spoilage. The least stable process is the fourth, 


k) Range of 
d with gage 


which must be carefully observed. The fifth and sixth processes may be considered TTT 


good, stable processes, In our example d (equal to 0.16 mm) > óc (equal to 


aT TUI A pc mee pri Te OT meee e 


0.0288 mm) >R (equal to 0.024 mm), which indicates the stability of the process. 


The coefficient of displacement / of the setup of the process characterizes 


M 
L| 


the accuracy of the setup and is calculated according to the formula 


Automatic machine 


) Dimensions teste 


n 
q) Dimension, 


EA 


pis 100, 


ype; j) 


where d is the magnitude of the tolerance field; 


n) O14 


ais the center of the tolerance field, and is equal to the half-sum of the 


18. -0.2 ; 


Fig.101 - Statistical Control Card 
si) T 


upper and lower tolerance limits: 


b) Shop; c) Equipment; d) Part; e) Designation; f) Number; g) Endpiece 


a= VDP: NDP : 


2 
-In our example, 


a= HM 5,920 mm, 


Thus Z , in our example, will be 


y —5.915—5,990. 


0,16 1002 — 3,11%. 


—Position of control boundaries 
.ods m) Dimension controlled Øf 


&) Statistical control card 


de 


The setup of the machine is usually considered satisfactory if 7 < 15% of the 


p 


h, 


distance from the center a of the tolerance field to the upper and lower limits. 
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The coefficient of process quality, without considering the machine setup, is 
' defined by the ratio 
K=+, 
R 
The coefficient of process quality without considering the machine setup K, 


must be more than 1.4 for stable processes, If K X 1, it means that the process is 


poor and will result in spoilage. If K is within the range from 1.0 to 1.4, then 


the process is unstable and needs constant watching; 


that K becomes > 1.4. 


the process must be so refined 


In our example 


20,6 — 
Tom 0,004 — 6,66. 


After establishing the accuracy characteristic of the sgil puent and after put- 
ting the equipment in good condition, the statistical control is started. 

This stage begins by filling out the statistical control card (Fig.101). The 
card consists of the title requisite and the control diagrams. 
diagrams is determined by the number of parameters of the part that are to be exam- 
ined by the method of statistical control. 

On the diagram the following are entered: center of tolerance field a; upper 
. and lower limits of tolerance d of part.shown in drawing; upper and lower control 
‘boundaries M, beyond which the arithmetic mean of the sample mst not extend if the 
process is proceeding normally and there are no signs of disturbance. The control 
tolerance of the part is smaller than its technical tolerance. 

The technical tolerance is taken from the drawing, while the control boundaries 
(limits) are unknown and must be calculated. Various methods may be used for this 
calculation. One of the simplest methods consists in I the arithmetic 
mean of samples of-a group of parts x and the value of the mean range of variation 
of samples of the same group R. It is sufficient to have 15 - 20 samples, each cón- 
sisting of 20 parts, for the calculation, . 


The arithmetic mean of all samples is found from the formula 
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where x is the arithmetic mean of a group of samples; 
X, is the arithmetic mean of a sample; 


m is the number of samples in the group. 


The value of the mean variance of the group of samples is found from the formula 


m 
D. R3-- 8, 4- E m ull. S 
» n d i=1 i 


The boundaries of the control limits are defined by the formula 
XA Ro, 


where À is a coefficient depending on the size of the sample, i.e., on n, 

The quantity equal to x * AR, is to be considered the upper control limit, and 
the quantity equal to x - AR, the lower control limit of the dimension of the part. 
The calculated limits (boundaries) are entered on the control diagram. The statis- 
tical control card so prepared is given to the inspector or is hung up on the ma- 
chine; at this time the current statistical control of the parts machined on this 
machine begins. At definite time intervals, the inspector takes several parts, 
called a sample, from the entire lot of processed parts, and inspects them. If the 
machine turns out not more than 100 parts per hour » samples are taken at intervals 
of about an hour, At the beginning of the introduction of the process samples should 
be taken more often, and as the data accumulate, the time interval may be lengthened. 


It is recommended that samples are not taken at equal intervals, but first at 50- 


minute intervals, then at 55-minute intervals, then at 65-minute intervals » and so on. 


After the cutting tool is changed, or the equipment reset, the inspector mst 
check the dimensions of 20 parts. If the parts do not go beyond the boundaries of 


the field of tolerance, and x does not extend outside the control limits, then SIAT 


Widw 
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process can be considered adjusted, and further observation on it is done by the 
usual sampling method. If individual points have fallen outside the limits of the 
field of tolerance y or if x has gone beyond the control limits, the equipment must 

be set up again. 

The following sequence in the introduction of statistical methods of control is 
recommended: selection of production sections for introduction of statistical con- 
trols; selection of the method of statistical control and development of the tech- 
nical documentation for the method selected; instruction of the operator or inspector 
in the method of statistical control; checking and adjustment of the manufacturing 
process at the production section selected; introduction of statistical control and 


systematic analysis of the data obtained; improvement of the manufacturing process 


on the basis of a work-up of the data of statistical control. 


Section 4. Planning the Control Processes 


The planning of the quality control processes is the duty of the technologist, 
and is conducted by him in the following sequence: selection of indices to be con- 
trolled, selection of the means of control, selection of the form and method of con- 
trol, determination of the qualifications of the inspector. The indices to be con- 
trolled are established by the technologist on the basis of the drawing or of the 
specifications, The mearis of control are so selected by the technologist as to 
guarantee the necessary accuracy of testing, high wear resistance of the measuring 
instrument, and minimum expenditure of time in the inspection, Méchanization and 
automation of control is highly important. The main trend in the automation of con- 
trol is the use of measuring instruments built into the saro system of the equip- 
ment. 

The ‘technologist indicates the means and methods of control in the flow Sheet, 
after listing the operations to be cóntrolled. The flow sheet does not indicate the 


technique of performing the control operation. There are typical instructions and 
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control cards for this purpose. Typical control instructions are made up for mass 
operations: welding, soldering, riveting, testing of uniform mating surfaces (inner 
and outer screw thread, meshing gear teeth). Instructions are also made up for the 
acceptance of installation work on a major assembly line or on a final aircraft 
assembly line, for running various weight, vibration, and other tests of instruments, 


assemblies, or complete aircraft; and for determining the procedure for the delivery 


18511188880 ap h 
iy 


j h him 


Fig.102 - Work Station of Inspector 


and acceptance of an assembly or a complete aircraft, The control card indicates 


the means, the order, and the technique of the control, 


Section 5. Organization of the Work and Work Station of the Inspector 


The correct organization of the work and work station of an inspector saves 


working time and makes the inspection operation more accurate. STAT 


The organization of the work of inspectors consists in correctly locating them 


STAT 
LL 
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in the production area, in defining their rights and duties and in instructing them. 

The technical control workers are posted at departments and sections of the shop in 
accordance with the course of the manufacturing process in such a way as not to in- | e 
terfere with its pace, and they check objects and operations whose inspection is 

prescribed by the manufacturing process, The inspector has the duty, during the 
course of the shift, to carry out systematic observation of the quality of the pro- 
duct at each work station, to give timely warning to the operator and foreman as to 
appearance of spoiled work or signs of imminent appearance, and to observe strictly 
the established requirements in accepting the product. The inspector has the right 
to remove from the work station any part found defective and to stop the job, if 
violations of the prescribed manufacturing processes are being committed; he then 
must immediately notify the section forman in all such cases. 

The inspector must be familiar with the drawings and with the A E 
processes he is checking, as well as the quality attributes of the controlled pro- 
duct, the conditions under which the part (or unit) being inspected is to operate, e 
its place in the structure, and the specifications it must meet, the forms and 
Sources of spoilage in the operations inspected, the means of control and the tech- 
nique of using them, the methods and procedure of performing the control operations , 
and his own rights and duties. 

The work stations of the controllers must be provided with the necessary means 
of control and with the technical documentation, albums of drawings and process 
charts, specifications, and instructions for performing the inspection work. The 
equipment and layout of the work station (Fig.102) must be such that the inspector 
is able ‘to do his work in a convenient position and in the shortest possible time. 

The work stations of the inspectors are laid out according to the course of the 
manufacturing process, while the points of final acceptance of the product are or- 
ganized as the final DS of a production line. From there the parts accepted ” 


and stamped by the inspector are delivered to the next section or to the finished- 


e 
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product stockroom. For the conduct of inspecting operations demanding an isolated 
room, special chambers or cubicles are arranged and equipped with test instrumenta- 
tion and stands. The room of an inspection station must be dry and have a constant 
temperature of 20°C, and be well lighted and properly equipped. Local illumination 


is used. Shades and lamps of adjustable height are provided. 


Section 6. Procedure for Acceptance and Formalization of Products by the Inspector 


The administration of a shop ór stockroom is not authorized to deliver a product 


to the next stage of production unless it passes inspection. 


Ihe Concept of Good Product and Rejects. 


responds to the drawing or specifications. 


A product is called good if it cor- 
Products not meeting the standard, draw- 
ing, or specification are called rejects. Rejects are divided into reworks and 
scrap, Reworks are products whose reclamation is possible and economically expedient 
and which can then be re-used for their primary purpose without adversely affecting 
the quality. 

Acce ce of e The products submitted for inspection must be cleaned 
of shavings and oil, and must be prepared for inspection. The formalized routing 
documentation is submitted to the inspector together with the products: the work 
order, the flow sheet, or the shift assignments. The inspector first checks the 
quantity of the products submitted for inspection. If the quantity of product does 
not agree with the quantity indicated in the routing documentation, the inspector 
enters the missing quantity of product in the document submitted. He then proceeds 
to check and evaluate the quality of the parts, guiding himself strictly by the in- l 
structions. After establishing conformity of the part with the drawing, the inspec- 
tor stamps the part with his stamp. The stamp must be placed exactly at the place 
indicated by the instructions of the Suspection department. 

When possible reworks are found in a batch, the inspector returns the Te Pd 


parts to the operator or foreman, and after correction of the defects, he makes out 


STAT 
451 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


the documentation for the entire batch. When he finds total spoilage, the inspector 
notes the number of accepted and rejected parts in the routing document, and at the 
same time indicates, by a code notation on the work order or notice of rejection, 
the causes of the spoilage and the person responsible, to whose account the spoilage 
is to be charged. The inspector makes a mark with red paint on the rejected part or 
unit, stamps it with the stamp "Brak" [reject] and affixes his number. He then re- 
moves the rejected product from the production area and turns it over for storage 
to the shop salvage crib, from which the rejected parts are delivered, under in- 
voice, to the salvage crib of the plant. The inspector makes out a rejection notice 
for all spoilage found. The first copy of the notice is delivered with the work 
card to the shop accounting department, for it towithhold the value of the rejected 
parts from the wages of the guilty party; the second copy goes to the planning 
office, as document for the issue of material or blanks in place of the rejects; the 
third copy is kept in the shop inspection office. If the responsible worker refuses 
to sign the notice of rejection, it is signed by the inspector and foreman if the 
operator is at fault; by the inspector and shop superintendent, if a worker of the 
administrative-technical personnel is at fault; by the inspector of the consumer 
shop and the inspector of the supplier shop if the supplier shop is at fault (in- 
cluding cases where the shop that has fabricated the tooling is at fault). The in- 
spector is obligated to suppress any attempt to attribute the spoilage to objective 
causes, 

Ihe inspector bears material and administrative responsibility for passing 
spoiled products in delivery of idiots from one operation to another, or from one 
shop to another. 

The inspection staff of a shop is administratively subordinate to the chief 


inspector (of the plant), but is carried on the timekeeping records of the shop, and 


must observe the rules of internal organization of the shop. The shop administration 


does not have the right to interfere with the work of the inspection staff nor with 
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its evaluation of the product quality. The shop administration may indicate the 
sequence in which an inspector is to accept production, and the inspector must follow 
these instructions if they do not affect the quality of the acceptance work. In 
case of disagreement with the inspector's evaluation of product quality, the shop 
administration may appeal to the head of the shop inspection office, or to the chief 


inspector. 


Classification, Record, and Analysis of Spoilage 


Section 7. 


Spoilage is divided into outside and plant. Spoilage due to the supplier plant 
or the organization transporting freight is considered as outside rejects and is 
charged to their account. 

Plant or in-house spoilage is classified by part-operations and by place of 
occurrence, shop,section, work station. 

Spoilage is then classified according to cause and responsible party. A single 
system of coding spoilage is used for each enterprise. Table 34 shows one of such 
systems. 

The procedure for recording spoilage is fixed by the "Typical Instructions on 
Recording Spoilage in Production at Enterprises of the Aviation Industry". 

The record of spoilage permits judging the quality of the manufacturing process 
and of the implements of production, as well as the qualifications of the personnel, 
and permits the foci of work spoilage to be determined. 

By studying the monthly spoilage reports, which directly disclose the foci of 
spoilage, the inspectors, on the basis of an analysis of these data, work out 
organizational~technical measures, in collaboration with the shop technologists and 


foremen, to improve production quality and eliminate the causes of spoilage. 


Organization of Instrument Control System 


Section 8. 


STAT 
A correct organization of the instrument control system ensures unity of meas- 
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ure in all measurements made at the enterprise, by means of correct storage,'utili- 


Table 34 zation and restoration of the measuring instruments. At each enterprise, its cen- 


tral testing laboratory develops a verification system, indicating the set of refer- 


Responsible for Spoilage Code Cause of Spoilage 


ence standard measures of the enterprise, establishes a system of compulsory verifi- 


Operators Careless attitude toward their work 


cation of the measuring instruments, and a procedure for the successive transfer of 


Shop administration Incorrect instruction of operator 


dimensions from the primary measures and instruments to the article. On the basis 


Incorrect conduct of manufacturing process of this system, a calendar graph for verifying the means of measurement is set up. 


Equipment out of order The basic set (assortment) of standard measures is kept at the central testing lab- 
Failure of material or workpiece to corre- oratory of the enterprise. 
spond to drawing 


The measuring instruments delivered to the enterprise are verified in the cen- 
Spoilage in setting up machine 


tral testing laboratory and are delivered to the reference standard group for re- 
Organizational shortcomings of shop 
cording and preparation of comparison certificates. 
Spoilage in mastery of process or product 
The measuring instruments delivered to an enterprise enter the central tool 
Incorrectly designed working process 
crib where, after acceptance, as to number, they undergo a qualitative verification 
Spoilage during testing 

at the inspection and verification point. From the central tool crib the measuring 
Concealed flaws of material or semifinished 0 
goods 


Suppliers 
instruments issued to a shop are sent to the inspection and verification point at 


Inspection department Incorrect control of preceding operations 


the tool distributing stockroom of the shop for verification and formalization of 


Incorrect inspection of tools or attach- 


the identification sheets. A rating sheet, or identification sheet, is made out for 
ments 


all forms of measuring instruments except the simplest types. 


Department of chief Incorrectly constructed directive tech- 


technologist nology ; 
, Section 9, Features of Inspection in the Fabricating Shops 
i5 Incorrect design or errors in tool 
drawings . : l 
; In the forging-stamping and fabricating-stamping shops the task of the inspec- 
Series designing depart- 16 Untimely alteration of designs or cancel- 
ment lation of drawings tion workers is to check correspondence of the brand of material with the drawing, 
17 Errors in drawings or untimely alteration 


to check the quality of the die and the setup of the press, and to verify the. dimen- 
of drawings 


sions and qualities of the rough forgings. 
Heat treatment shop Concealed flaws in heat treatment . 
The quality of the die is verified by comparing the dimensions of the rough- 
Casting shop 


b 


Concealed flaws in casting 
forging, obtained from the die, with the drawing. 


N 
o 


Forging shop Concealed flaws of rough forging 


STAT 
[| The quality of the setup of the press is verified by the machine setter or the 
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operator from the first parts stamped after setting up the press. 

Each batch of rough-forgings is subjected to a final inspection.  Rough- 
forgings made by cold-stamping are mainly checked by the methods of visual and geo- 
metric inspection. Rough-forgings, prepared by free-forging and hot-stamping, are 
checked by the methods of visual, geometric, and structural inspection and by the 
other methods indicated in the process sheets. 

Casting Shop. The representatives of the inspection service at the casting 
shop check the equipment, materials, composition of the charges, conditions under 
which the heats are run, and quality of the castings. 

À new set of patterns is checked with a test casting. 

The molding sands are tested by the laboratory of the casting shop for moisture, 
gas-permeability, strength, grain-size, and clay content. 

Cores are tested for composition, temperature conditions, drying time, strength, 
dimensions, and type. 

Molds are checked for cleanliness, accuracy of assembly, and contact of the 
parting planes. A special instrument is used to check density of the tamping. 

The accuracy of the instrument readings is also verified (thermocouples, pyro- 
TES 

Correct storage of the materials by grades and brands is checked. The compos- 
ition of the charge is tested by chemical analysis, and the results of the analysis 
are entered in the charge journal. 

The metal being melted is inspected by chemical analysis of each heat, for 
which purpose a sample is taken or individual specimens are poured and sent by the 
inspector’ to the express laboratory. 

The final inspection of a casting consists in external examination and verifi- 
cation of the dimensions of the casting, weighing it, X-ray examination, and mechan- 
ical testing if prescribed by the specifications. The location of rework defects in 


a casting is encircled by a colored pencil and the casting is sent for welding up, 


1,56 
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and then for a second inspection. 


Section 10. Features of Inspection in the Processing Shops 


In the machine shops, the equipment is periodically checked by the shop machin- 
ist and the representative of the inspection group of the department of the chief 
machinist, while the attachments, dies and tools are checked by the inspector of the 
acceptance inspection station of the tool-distributing stockroom of the shop (after 
each return of a tool or an attachment by the operator to the stockroom). For 
checking the setup of the equipment, the machine setter or operator submits the 
first part processed to the inspector. After manufacture, the part is subjected to 
final inspection. Assembled units or major components are subjected to the tests 
prescribed by the process chart and by the inspection department instructions. 

In the fitting-welding shop, the parts fitted and assembled into " unit are 
checked for accurate attachment, for compliance with the angles, radii, and mutual 
position of the parts in the attachment. After the operation of clamping, the unit 
is checked for absence of cracks, burn-throughs, melt-throughs, correct position of 
the clamps, and size and uniformity of the clearances. The units that have been 
welded are checked by external examination with a magnifying glass to detect visible 
cracks and to check' the quality of the welded seam. The dimensions and angles of the 
unit are checked by means of templates and master jigs, and absence of concealed 
defects is verified by X-ray; the magnaflux method is used in checking for large 
cracks, while absence of small, hairline cracks and crazings is verified by means of 
fluorescent examination; metallographic examination is used to determine the struc- 
tural state of the seam and detect the presence of slag inclusions in certain speci- 
mens; individual units are tested for density under pressure by the aid of special E 
machines. 

In the heat-treatment shop, the preparation of parts for heat treatment, the 


STA 
process conditions, and quality of the heat treatment of the parts are checked. 
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] The preparation of parts for heat treatment is checked by verifying the exist- 
ence of the routing documentation and the stamps of the inspection department on the 
parts; and by determining the extent to which dirt and shavings, oil films, coatings, f o ) 
and paint have been cleaned off the parts. 

The heat-treatment process conditions are checked by verifying the proper tem- 
perature conditions of heating, holding, and cooling of the part, and by verifying 
the condition of the instruments, thermocouples » pyrometers, and thermostats. 

The external defects of heat-treated parts are detected by external inspection. 
The mechanical properties are checked by testing the parts on Brinell, Rockwell, 
Vickers, and other hardness testers. 

Cracks are found by the methods of magnetic defectoscopy or by the method of 
fluorescent inspection. A lot of particularly critical parts is examined by X-rays 
and by metallographic testing of specimens. 

In the galvanizing shop, the production quality control is carried out by in- 


specting the parts under the coating, by verifying the condition of the equipment 


and instruments, and by verifying the quality of the coating of parts or units. 0) 


An inspection of the parts before the coating is applied is made to disclose 


external defects of the parts, lugs, rust, or scale, and to check whether the parts 


have been well degreased and washed, and whether they have been correctly hung. 
The quality of the coating of parts is tested by external inspection and by 
comparing the parts with a reference standard, by checking the adhesion of the coat- 


_ing to the metal base, and by checking the thickness of the coating, measured by an 


electromagnetic instrument or by the drop method. 

In the varnish-paint shop, the inspectors check, by means of instruments, the 
humidity, temperature, and purity of the air in the room. The preparation of sur- 
faces for painting is checked to find whether they have been scavenged with com- 
pressed air, degreased, and wiped dry. 


\ 


t 


The varnish and paint materials are analyzed at the laboratory before issue to ® 
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the work stations. The appearance of the painted articles and the film strength of 
the paint are verified. The thickness of the paint layer is checked by an indicator 


depth gage, after which the surface of the control point is recoated with paint. 


Section 11. Features of the Organization of Inspection at the Assembly Shops 


In the major assembly shops the assembly tooling, air pressure in the system, 
condition of the tools, and quality of the rivets are checked. The quality of the 
assembly and riveting of the units, sections and assemblies is checked, and the 
weight of the assemblies is periodically verified. 

The quality of the rivets is checked by the inspectors: their diameter, length, 
coaxiality of head and shank, and conformity of the rivet material with the specifi- 
cations, 

In the assembly operations, the inspectors check the quality of the drilled and 
countersunk rivet holes, the rivet pitch, and the straightness of the rivet rows A 
as well as the quality of the riveting (absence of cracks and cuts around the rivet, 
absence of buckling of the material, quality of clenching the rivet shank). Besides 
checking the quality of the riveting work, the inspector also checks the connection 
and fastening of the units, laying and attachment of the cables, piping, and equip- 
ment for proper layout. The shop workers have no right to cover surfaces of an 
assembly whose quality has not been checked by the inspector. For instance, it is 
not permitted to set the jointing shear bolts before the quality of the reaming of 
the hole surface beneath the bolts has been inspected. 

In order to increase the responsibility of the operators, crew bosses, and 
foremen for the quality of rigging of the assembly, a system of rating plates for 
each assembly and for the aircraft as a whole has been adopted in aircraft construc- 
tion. The planning and dispatching office of the shop issues a rating plate to the 


foreman simultaneously with issuing the work order for rigging of the assem 


The assembly assignments are indicated in the rating plate in accordance with the 


STAT 
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process chart. On performance of the assembly assignment, the foreman enters the 


surnames of the workman performing the assignment and their crew boss on the rating 


plate. The crew boss, inspector, and foreman sign the rating plate. The assembled 
assembly, together with the rating plate, is submitted by the foreman for final in- 
spection. The procedure for the acceptance of the assembly is prescribed by the 
rules of the inspection department. On examination of the assembly, the inspector 
fills out a schedule of defects in which he notes the defects found. The foreman is 
obligated to eliminate all the faults noted in the defect schedule, and must resubmit 


the assembly for acceptance to the supervising foreman. The accepted assembly is 
submitted by the shop inspection department to the purchaser's representative. After 
the purchaser's representative has accepted the assembly and has signed the rating 
plate, the component, together with the documentation, is delivered to the final 
aircraft assembly shop. 

At the final aircraft assembly shop the preliminary, operational, and final 
inspections are made. 

The preliminary inspection consists in having all assemblies, units, and fin- 
ished articles entering the final assembly shop examined by an inspector to detect 
any external damage and the condition of lubrication, presence of the inspector 
itae the manufacturing shop and the accompanying documentation: rating plate, 
certificate, log, and test document. 

Ihe operational inspection consists in having the inspectors at each assembly 
stand check the quality of the installation and fitting performed. 

Ihe final inspection of the aircraft is made at the last stand of the assembly y 
line, or at a special platform, The aircraft, prepared for delivery to the airfield 
shop, is submitted by the senior production foreman of the final installations and 
fittings for.delivery to the senior supervising foreman of the shop. At the same 


time, all.accompanying technical documentation is submitted. The senior supervising 


craft, enters the defects found in a defect sched- 
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ule. After the shop has eliminated the defects, the shop inspection office executes 
the acceptance of the aircraft and submits it to the purchaser. When the aircraft 
has been accepted by the purchaser, the necessary documents are executed, the air- 


craft is weighed, covered with canvas covers, and delivered to the airfield for 


flight tests. 


Section 12. Features of the Organigation of the Inspection at the Airfield Shops 


The inspection at the airfield shop is handled by the workers of the flight- 
testing station (LIS). 

The aircraft arriving from the final assembly shop is examined by the machinist 
of the airfield shop and by the supervising foreman of the flight-testing station to 
discover any external defects and to check the aircraft for completeness and for the 
presence of the canvas covers, 


bly shops. 


The defects found are eliminated by the final assem- 


All documentation for the aircraft are delivered with it: the logs of 


the engine and of the assemblies, together with the certificates of the instruments 
and the rating plates. 


The airfield shop, in accordance with the process chart and the instructions, 
performs in sequence all the operations connected with ground and flight tests of 
the aircraft. As soon as the aircraft has passed the ground tests, the airfield 


shop begins to prepare it for flight. The supervising flight engineer of the 


flight-testing station makes a preflight inspection of the aircraft in the sequence 
prescribed in the instructions: checks the condition of the power-plant system, 
the quantity of fuel and oil carried, the tire pressure, the locking of the wheel 


attachments, and the extension of the landing gear shock strut. Any defects found 


are eliminated, and the aircraft is then released for the flight tests, The tech- 
nician of the instrument laboratory of the flight-testing station installs the con- 


trol instruments used for the flight tests. The assignment, in accordance with the 


. STAT 
type and program of the tests, is entered in the flight log for the test pilot, and 
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the aircraft is then tested. The test pilot enters his remarks in the flight log. - 
The supervising foreman and flight engineer make a postflight inspection of the air- 
craft. All defects found are entered in the defect schedule. An airfield shop crew 
eliminates all defects under the control of the supervising foreman. If no second 
flight is required, the aircraft is then submitted to the purchaser. The purchaserts 
representative inspects the aircraft, which is then subjected to retests, performed 
this time by the purchaserts pilots, If the aircraft is accepted by the purchaser 
and is delivered to him by air, the airfield shop prepares the aircract for flight. 
The aircraft crew receives the documentation for the aircraft, If the aircraft is 


shipped other than by air, it is delivered to the shipping department for disassembly 


and packing. These operations are also checked by inspectors. 


Section 13. Or tion o terchangeability Control for Major A fV A 
at the Prime and Secondary Plants 

To ensure identity, within the limits of the established tolerances, of the 
aircraft and assemblies manufactured by the prime and secondary plants, a unified 
system of master tooling is established at the prime plant, and all Secondary plants 
are guided by it. 

The list of the assemblies, units, and places of articulation in the article, 
with respect to which interplant interchangeability must be maintained, is pre- 
scribed by the prime piant, 

The prime plant fabricates, and delivers to the secondary plants, the following 
forms of master tooling: templates of the basic sections, master-contour templates, 
mockups of the joints on the interchangeable assemblies, master plates at the nating 
joints of the assemblies, and molds of the mockup surfaces. 

The secondary plants, on the basis of the master tooling received from the tae 
plant, fabricate all of their working sets, using their own personnel, 


To fabricate the tooling not connected with guarantee of interplant inter- 


changeability, and also for reference and current matching, the secondary plants 
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themselves prepare loftings from the theoretical drawings and the basic templates of 
the master plant. 

To check maintenance of the interchangeability of the aircraft assemblies, a 
number of special measures are taken. The master tooling fabricated for the second- 
ary plants is checked at least twice a year against the master tooling of the prime 
plant. 

All assemblies, units, and hinge joints of the aircraft subject to interchange- 
ability control are inspected at least twice a year at the prime and secondary plants 
by a special commission. Interchangeable assemblies and units are also dispatched 
by the prime plant to all secondary plants to verify their conformity with the assem- 
blies and units produced by the secondary plants. On the other hand, each secondary 
plant sends one set of its assemblies to the prime plant, which verifies their in- 
terchangeability with its own assemblies. This work is done in the presence of 
representatives of the secondary plant and of the purchaser. 

The purchaser, the prime and secondary plants all control the quality of inter- 
plant interchangeability directly on the aircraft produced. For this purpose, the 
accepted aircraft of the prime and secondary plants are delivered to the airfield of 
the prime plant. Here assemblies are removed from an aircraft of each plant. and 
their interchangeability with the assemblies on other Biches is verified. 

The control of interplant interchangeability is performed on graphs prepared 
by the prime plant. For all forms of verification of interchangeability, the super- 


ior organizations are informed of the test results. 


Section 14. Structure and Functions of the Chief Inspectorts Office 


Let us consider the functions of the most important units of the office of the 
inspection department. 
The technical office of the inspection department develops and introducrATnto 


production advanced met 


ction, manages the inspection stamping system, 


STAT 
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the product: operator, foreman, and shop superintendent, and compels the enterprise le Selecting and 
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records and analyzes the rejects, works out, together with the shop inspection office 


and the shop administration, measures for improving the quality of production, con- PART FOUR 


trols the execution of these measures , and prepares reports on production quality. e © ORGANIZATION OF TECHNICAL SERVICING OF THE PRIMARY PRODUCTION AT 


The central testing laboratory develops a testing system, tests and certifies | AN AIRCRAFT CONSTRUCTION ENTERPRISE 


all the subordinate sets of final measures and instruments, handles the adjustment A 
maintenance and certification of the optico-mechanical instruments » checks their 


condition, and consults with the shops on questions of measuring technique. Under the conditions of the rapid technical progress of socialist production and 


The office of acceptance of materials, semifinished goods and finished articles the use of an ever increasing amount of high-productivity equipment, the assurance of 


conducts the quality control for products delivered to the plant by suppliers, the its uninterrupted utilization acquires primary economic importance, The 20th Congress 


sampling for the laboratories, draws formal claims, and participates in working out of the Communist Party USSR has called attention of the Party and economic organi- 


the specifications for the delivery of products to the plant. zations to the importance of a more complete utilization of the existing equipment. 
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The superintendent of the shop inspection office (BTsK) directs the work of the The continuity and profitable operation of the primary production depends 


shop inspectors and is responsible for the quality and set-completeness of the shop largely on the level of organization of the auxiliary production and of the services 


production, for the timeliness and correctness of its acceptance, for the conditions to the primary producing shops. The more uninterruptedly the work stations are sup- 


of the inspection tools, and for the quality of the inspectors! work. plied during the course of the shift, the higher the rhythm of the work of the pri- 


e 


In the departments of the shop, the quality control work is directed by the mary shops, the smaller will be the backlog of parts necessary to fulfill the pro- 


senior supervising foreman and,in the production sections, by the supervising fore- duction program. The lower the cost of the tooling and maintenance of equipment, the 


man who has under him the inspectors and the reject-men. lower the prices for the services rendered by the auxiliary shops and services, the 


Under the existing system of inspection, the functions of verifying the quality Table 35 


In Preparatory Before Beginning 
(Night) Shift of Shift 


l. Delivery of 
materials, tools 
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of production at all stages of manufacture are performed primarily by special in- 


At End of Shift During Shift 


spectors. This reduces the responsibility of the workers who directly manufacture 


l. Lubrication and 
maintenance of the 


l. Delivery of 


making out of the materials or work- 


to employ a large number of persons occupied only with inspection. In order to im- technical documen- machine and attachments to | pieces to the 
tation for the next the work station work station 
prove the quality of production and reduce the inspection staff, the list of opera- shift 
tions inspected by workers of the shop inspection department should be reduced, the 2. Familiarization 2. Setup and re- 2. Re-setup and 2. Changing tool 
of the operator with | setup of machine, | testing machine, and delivery of 
responsibility of the operators, foremen, and shop superintendents for the quality the work in the if these opera- submitting the new tool 


forthcoming shift tions are done by 


the machine setter 


first parts 
processed to the 
foreman or in- 
spector 


of the articles manufactured increased, and a system of material incentive for 


STAT 


Spoilage-free work and good production quality should be widely introduced. © ; & 
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In Preparatory Before Beginning During Shift 
(Night) Shirt of Shift 


3. Instruction of 
operator by fore- 
man 
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At End of Shift 


Previous Organization of Work in 


New Organization of Work in 
Anodizing Section 


Anodizing Section 


3. Putting machine 
in order and lub- 
ricating it and 
delivery of unused 
material to stock- 
room (by primary 
production op- 
erator) 


Vine lees rp pr pH P te t 


In the operating shift, 1 - 1.5 hrs The working shift turns over the 


before the end of the working day, the 
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charged anodizing bath and parts pre- 


preparation of parts for anodizing 


Deme ase 


pared for anodizing to the incoming 
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(rubbing and mounting) was discontin- shift. 


4. Checking and 
acceptance of 
finished product 


4. Organized trans- 
fer of shifts by 
foreman 


| ued. The parts were so charged into 


The new shift does not lose time 


Uns 


the anodizing baths that their removal at the beginning of the shift in pre- 


5. Re-setup of 
machine during 
breaks for meals 
and between 
shifts 


from the baths would be completed before| paring the parts for anodizing. This 


the beginning of the coming shift. 


measure eliminates idle baths in each 


i or SS SD, OEM n 


When beginning the shift, at the shift and increases the output of 


tr 


Start of work, the workman spent parts by 12 - 15$, increases labor 


l- 1.5 hrs in preparing the parts for 


| 
the lower will be the plant and shop overhead per unit of finished product and the j 
| productivity by 7 ~ 10%, and puts new 


lower its shop and plant production cost. 


anodizing, which led to idle time of output standards into effect. 


The practice of work of advanced enterprises in various branches of machine e 


e 


the baths. The idle time of the baths 
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building shows that wherever combined mechanization of labor at each work station 


E3 


amounted to 12 ~ 20% of the total shift 


Cri 


has been realized and wherever the work station is prepared in advance and supplied ! 


time. 
with everything necessary for the forthcoming shift, high labor productivity is 
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attained, idle time is reduced to zero, and the production sections operate rhyth- It is essential to make every possible attempt to reduce the production cost 


mically. of the auxiliary production and of the servicing work of the plantwide services, 


ns 
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Under such a preventive system, the servicing of the work station takes ap- and systematically to raise the level of technology and organization of production 


proximately the form shown in Table 35. in all auxiliary shops and services. 


The influence of the organized transfer of shifts by foremen on the improvement 
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of the equipment utilization coefficients and on the growth of labor productivity 
may be seen from the example of the operation of the coating shop of a certain air- 
craft construction enterprise. In this shop, the organized transfer of shifts and 


the timely preparation of the work stations for work in the anodizing section yielded STAT 
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the following results: LY 
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CHAPTER XIII 
ORGANIZATION OF THE TOOL ECONOMY 


The primary task of the tool economy or system is the uninterrupted supply of 
the primary production shops with high-grade tools, their economical production, 
acquisition, storage, and repair. 

The tool economy of an enterprise consists of: 

1) The tool department, which directs the work of planning and organizing 
the tool economy; 
2) The shops specialized in fabricating a definite kind of tools; e 
3) The central plant tool crib and the shop tool cribs, which handle the 
Storage and recording of the tools and also supply tools to the shops 
and their work stations; 
4) The tool grinding and tool rebuilding workshops. 

The functions of the tool system include the classification, indexing, and 
plantwide or industrywide standardization and norming of tools; the establishment of 
progressive standards for their use; the planning and organization of the acquisi- 
tion, fabrication storage, and issue of tools; the organization of their maintenance 


and rebuilding. 


Section l. Classification, Indexing , and Industrywide or Plantwide Standardization 
of Tool 


-9i 10013 


The classification, indexing, and industrywide or plantwide standardization of 


tools is the foundation for the rational organization of the tool system. 0 


e 
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Ihe classification of tools allows their production record and issue to be con- 


ducted in an orderly manner. Under classification, all tools are subdivided accord- 


ing to the character of their use, into standardized and special; according to their 


a) Digital 


11133 
1-16x25 


b) Literal 


Class- Cutting tool 
Subclass - Cutter 
Group - Turning 


Subgroup - Undercutting RRTPO 


Form-bent Left 1-16%25 


c) Mixed 


R1133 
1-16%25 


Fig.103 - Tool Indexing 


Material - RF-1 


Dimensions - 16 x 25 


purpose, into machining, assembly, measuring and auxiliary; according to their meth- 
od of use, into hand and machine; according to periods of use, into tools of tem- 


porary and permanent use; and according to source of supply, into purchased and 


Serial number of 
registration of 
standard size 


Class - normal 
tooling 


Subclass - auxiliary 
tool 


Group - for milling 
machines — 


Subgroup - cantilever 
mandrel 


Type - with Morse taper 


bore for face milling 
and fitting milling 


Fig.lO0l ~ Digital Coding of Standardized Tooling 
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fabricated at the plant. 


i Classification makes it possible to assign to each form of tool an index giving 


its exhaustive characterization. 9, 


There are three systems of indexing tools: by digits, by letters, and mixed 
(Fig.103). 


According to the NIAT AN-886 classification, constructed on the basis of the 


decimal system, an industrywide or plantwide standardized technological tool is placed 


in class 5, and a special tool in class 6, Figure 104 gives an example of the digi- 
tal coding of a standardized piece of tooling according to this classification. For 
special tooling, the class digit is changed from the digit 5 to the digit 6. 

The normalization of tools allows a reduction in the variety of types and dimen- 
sions of tooling without affecting its quality, while reducing the expense of fabri- 


cation, increasing the coefficient of repeated utilization of the tooling, increasing 


E ic SSIS US ID VOTRE ACA Wade acp HE E 


the number of parts machined by a single standard size tool, and assigning the fab- 
rication of the standardized tool to specialized tool plants. 

Sm 
. . E y 
A classifier-price list of tools is necessary for the organization of the tool 


System on the basis of independent unsubsidized operation, and is drawn up by the 
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tooling department of the plant (INO) for the entire list of tooling. 


Section 2. Standardization and Planning of the Tool Requirements of the Plant 


To determine the plant!s tool requirements, the necessary tool list must be 
determined, the standards of use must be established, and the annual consumption 


must be calculated. 


The tool list is determined by various methods, depending on the type of pro- 
duction. 

In piece and’ small-lot production, the tool list is established by a statisti- 
cal method or on the basis of the typical tooling of work stations. At each work 


station (press, machine tool, welding machine, or bench) » & chart is made up indi- 
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cating the list of the typical tools in it. 


We present an example of such a chart. 


" 
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jd 
1 


Chart of Typical Tooling for Horizontal Milling Machine 


(Dimensions of Table up to 300 * 1200 mm) 


Characteristics 
(by Dimensions in mm) 


Tool Percentage of Annual Fund 
of Machine Time of Mach- 
ine Tool Spent in Work- 
ing with the Tool in 


Question 


Cylindrical cutters 


Disk cutters 7.5 


7.0 


etc. 


a iet Pins. AERIS ER aon ven = - 


In large-lot and mass production, the list of tools required is determined for 


each part. For this purpose, a tooling chart is prepared for each part, indicating 


what tool is necessary for fabricating the part. 


The tool consumption standards are established for a standardized tool (pres- 


sure, cutting, abrasive, measuring, fitting-installing, and auxiliary) as well as 


for special tools used in large quantities. The tool consumption standards are es- 


tablished by three methods, statistical, relative use, and technical calculation 


for each part or unit. 
The method of establishing standards on the basis of statistical data is approx- 


imate, since it is based on the production data of a past period. It can be used 


only as an exception, in piece and development production. 


The tool consumption standards are established by the method of relative use in 


STAT, . 
a small-lot production, Under this method, all the equipment necessary to hanais the 
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output program is classified into uniform groups, and the annual or monthly fund of 


machine time of operation of the machine tool is determined for each group (Table 36), 


Table 36 
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Table 36 gives a calculation of the annual tool consumption standard, based on 


the formula 
FgK 
N - > 
cet twear 
` where Naz t is the standard consumption of the given form of tool per year, in 


pieces ; 
F is the annual fund of machine time for the machine tools (in hours), on 
which the given type of tool is used; 
K is the coefficient of participation of the given tool in the machine 
¿time of the machine tools; | 
i ur is the time of operation of the tool until completely worn, in hours. 


The standard consumption of a measuring tool is calculated either on the basis 


of its coefficient of relative use or by a consolidated calculation according to the 
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where aa is the mean annual standard consumption of the measuring tool of a given 
designation, in pieces; 

n is the number of machines, on which a measuring tool of the given kind 
is used, that are necessary for the fulfillment of the program; 

A is the annual consumption of measuring tools per machine tool (taken 
from Tables); 


K is a coefficient allowing for accuracy class and type of production, 


The value of the coefficients is given in Table 37. 


Table 37 


Accuracy Class 


Type of Production 


Small-lot 


Large-lot 


The method of calculating the tool consumption standard for each part is used 
in large-lot and mass production. The technical tool consumption standard is es- 
tablished for 100 and for 1000 machines, calculated for each part separately or for 
a group of similar parts, and is expressed in the "chart of calculation, per part, 
of the standard tool consumption" drawn up by the shop technologist. 

In each chart,the machine time for elite 100 parts is calculated by the 


formula , 
£,— 100 L i, 
Ss 
where L is the calculated length of machining in the direction of feed, in mm; 
s is the length of feed, respectively, in mm; 
i is the number of passes for removal of the machining allowance, | STAT 


The time of operation of a cutting tool until completely worn is calculated by 
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the formula 
bu (2+ 1 ) E ais; 


where q is the ET of the working part of the tool that can be ground, in mm; 
h is the size of the layer of metal removed during one regrinding, in mm; 
Ge cas is the service life of tool between regrindings, in hours. 
The service life of the tool is established experimentally, taking account of 
the experience of skilled operators. The resultant data are entered in the Table 


of service of each kind of tool. 


The technical standard consumption of a cutting tool per 100 parts is calculated 


by the formla 


The technical standard consumption of a measuring tool is calculated by the 
formula 
N um : 
where Q is the number of measurements necessary (taken from the process charts); 
q is the number of allowable measurements up to complete depreciation of the 
measuring tool. 

The tooling department makes up an applicability chart for each kind of tool 
in which all the parts machined by the given kind of tool are entered, together with 
the standard consumption of that tool on 100 or 1000 machine tools, at first for 
each shop separately, and then for the plant as a whole. The data from the appli- 
cability charts are —— by the tool department to a tool record chart, which 
is opened for each standard size of tool (Table 38). The record cards are grouped 
into card files of normal and special tools and are broken down into groups and, 
within the groups, again by numbers (indices). On the basis of the account-card 
data, limits are placed on the tools consumed by the shops. 

Calculation of annual tool consumption by the plant is conducted separately for 


each kind of tool, on the basis of the program and its standard consumption, The 
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calculation is made according to the formula 


NN 


U = ann ' c.f. 
0 dm, — 100 ” 


where Un is the annual plant requirements for the given type of tool; 


Ntoo1 is the annual program of output of article by the plant, taking account 


of the spare sets; 


Nt t is the standard consumption of a given tool per 100 articles. 


Table 38 


IRK of Shop No. Tool Record Card Operating Fund 


Standard Order Point 


1 No, 
Rack No. 


: Designation Standard Consumption 

Y Compartment No, per Article — —  — ———— i 
6 
i 

E 

ES Date From Whom Received 


ini 


. or to Whom Issued 


The special tooling ~ templates, molds, assembly, welding and machine-tool 
2 attachments - are not calculated by service hours but by their service lives and by 
1 the number of work stations at which they are simultaneously used. Thus the re- 


d quired number of assembly jigs Ni is determined on the basis of the cycle of as- 


8 
d sembly of the major component in the jig C jig! the number of major components pro- 
duced daily Na; the time of jig work F; and the coefficient of absence of the jig 
for planned maintenance K. For instance, at Cg = 48, Na = 2, F= 16, and K = 


= 0.04, the number of jigs will be equal to STAT 


E , STAT 
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taken as 0.5 - 2 (depending on the number of regrindings, the length of 


1! K 
Ciig NN (14356 . 
N'ia a ag ss 6 pieces. 


the cycle of regrinding, and the number of tools); 


O is the number of operations in which the given tool is used (taken from 


Section 3. Calculatio St ation of Tool 9 the chart of applicability of this tool); 


a is the number of tools of the given standard size at one work station 


x AA Pa trot n ttt 
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Ran 


To assure the uninterrupted supply of the work stations with tools, a certain 


stock of tools must be established. The size of the stock depends on the surface (taken as equal to 2); 


i i ib f ti hich the 
life of the tool and its wear during the course of the year. The first form in- | Kop ism cosfficlent “taking account: ofthe number 04 operations gn wate 


3 j ib f detail- ti work station 
cludes tooling whose obsolescence is more rapid than its physical depreciation, i.e., given tool. is used and “che number ok OPIMELCODSEEUXOTS Pee 


$ í Tabl e 

its service life is longer than the period of production of the aircraft of the (taken from Table 39) 

given modification. Such tooling includes assembly jigs, special attachments, dies, Table 39 

and chills. No stockpiling of such tools is done; instead, duplicates of particu- Magnitude of Coefficient p for a Cutting Tool 


larly important or widely used items are produced. 


of Part- Number of Operations in which the Given 
The second type of tooling includes all standardized tools, as well as special Dei us a Tool is used 
i W P = p e ues 
tools frequently repeated and needed in large numbers. The reserve stock of this | ork Diac 3 | 4 | 5 | 6 | 1 | 8 | al 10 | 12 | " | 50 | 30 | | im 


form of tools is made up of the operational, interim, and emergency stocks. ' | | 

The operational inventory includes tools in the turnover of the shop and in- 0,7 | 0,5/0,5 [0,33/0,3 0,250,22| 0,2/0,18(0, 16,0, 140, 12/0, 11/0, 1 
0,72| 0,6/0,55/0,5 [0,45/0,4 lo.ss 0,3/0,27/0,24/0,21 0,19/0,17/0,15 
tended for guaranteeing uninterrupted supply of the work stations. The inventory 


includes tools at the work station, in the distributing tool crib of the shop, and 


in the tool-grinding workshop. The calculation of the operational inventory of a measuring, fitting- 


installation, or auxiliary tool is calculated by the formula 


U 20,77 U,K, + s Ks, 


The operational inventory of cutting tools is calculated from the formula: 


DU... U, (Ki + Ka) +0-a-K,,, 


where U, is the average monthly tool consumption standard of one standard size, 


where Us 


6 is the operational inventory of cutting tools of one standard size, in 


pieces; in pisces . 
: i ti ints at which t 
is the average monthly standard consumption of this tool; p is the number of work stations and inspection points at which the given 


_is a coefficient of reserve inventory of the tool in the distributing tool is used; 


tool crib, which is taken as 0.5 ~ 1; b is the number of work stations served by one tool (taken from the applica- 


bility charts of the tool); STAT 


is a coefficient of reserve supply of tool in the tool-grinding workshop, e 
is K3 is a coefficient taking account of the number of tools of a given standard 


STAT 
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Size, simultaneously used at a work station (established from the process 


charts). 


The interim (current) inventory of a tool is stored at the central tool crib 
and is intended for the uninterrupted supply of the shops with the tool during the 
time between the periodic deliveries of batches of this tool, The interim inventory 
is constantly changing (being consumed), so that two limits of the interim inventory 
are established for each kind of tool, the maximum, above which the inventory must 


not rise for economic reasons, and the minimum, equal to the emergency level, below 


Fig.105 - Graph of Movement of Inventories of a Tool in the 
Tool Crib 
Max is the maximum inventory; Qnin is the minimum inventory; 
Gm.o is the inventory at moment of order; Ti; is the period of 
addition; Tn is the period from maximum inventory to moment of 
order; T, is the entire period of consumption of batch of 
l tool; T, is the order period | 


; | i _a) Order point 


e 


Which the inventory must not fall (Fig.105). A new batch of tools is ordered by the 


central tool crib when the inventory of the given tool at the crib reaches the level 


called the "order point". The "order point" is selected in accordance with the time 
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and interval of the delivery and the time of shipment, so that a lot ordered is 
delivered not later than the time when the inventory reaches its minimum, 


The interim maximum inventory is calculated by the formula 
Up= Um" Tu, 


where Up is the inventory in pieces, of the given kind or of the standard size tool; 
Un is the average monthly tool consumption standard, in pieces; 
Tae] is the interval between deliveries or cycle of fabrication of a new lot 
of tools (taken as unity, with a monthly delivery cycle). 

The emergency stock is set up in the central tool crib and is intended to pro- 
vide uninterrupted supply of the shops with the tool in case of unforeseen delay in 
the fabrication or arrival of the regular lots of the tool, or in the case of an un-" 
foreseen increase in its consumption. 

Under normal conditions, the amount of the emergency stock remains constant 
and is calculated by the Pola 

Uem ™ Una Ti + 

where U 4 is the average daily tool consumption standard; 

Tb is the period of restoration of the tool inventory, in days. This is 

equal to: 
a) For tools received from outside the plant: 
T, hei, (in days), 

where t4 is the time of preparation and shipment of a tool lot; 

t, is the time of transportation of a tool lot; 

t3 is the time of acceptance, processing and preparation of the tool at the 

central tool crib; 

b) For tools fabricated at the plant, the cycle of fabrication of d minimum 

bateh of these tools applies. 


The total inventory of each standard size of a given tool at the plant IA S 
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U,= Ue+ Upt Usm. 


Example. Required, to calculate the plant inventory of counterbores, 10 mm in 
diameter. To solve this problem, we take the applicability chart of the given 
counterbore (Table 40), which shows the part-operation and the shops at which these 
counterbores are used, and the average monthly consumption of these counterbores 


for each part-operation. 


Table 40 


1} 1 [0550—4| 1 2 6 | 10| 08407 | 1 2 

2| 1 055—3| 1 2 7 | 10|0842—3 | 0,5 1 

3| 1 ]080—5| 2 4 8 | 10|084—2| 0,5 1 

4| 5 |o0975—2] 0,5 1 9 | 10|0846-8 | 1 2 o 
5| 5 |0976-3| 0,5 1 10 | 10|0854—4]| 2 4 


a) Code No.; b) Applicability card for counterbore 10 mm in diameter; 
c) No.; d) Shop; e) Part-operation No.; f) Standard consumption per 


100 machines; g) Average monthly consumption 


It will be seen from the card that the monthly consumption of counterbores » in 


shop No.l, is 8 pieces; in shop No.5, 2 pieces; and in shop No.10, 10 pieces; or í : 
20 pieces in all. Let us calculate the operational inventory of the counterbores: | 
U, = U, (K1 K3)4 O:a-Kop 20 (0,5+1)+10-2-0,3=30+6=36 pieces 
Let us further calculate the interim inventory of counterbores, with a cycle 
of a delivery of a lot of them once every two months: 


U,, = Um’ Tp =20-2=40 pieces 


y 
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The emergency reserve of counterbores at T! 


t 10 days, and 25 working days in 


a month, will be: 
20-10 


——=8 counter bores 


25 
The total inventory of these counterbores at the plant will be 


Uem =Ua.q; Tp= 


U,4—U, o + Up+ Uem —06 4- 40 +8=84 pieces 


Section 4. P ing the Acquisitio Fabrication of Tools 


Consumption 

At the same time as the annual requirements of the enterprise for tools are 
being calculated, or after such calculations, the tools are divided into those fab- 
ricated by the enterprise and those purchased from outside. The prices for pur- 
chased tools are taken from the catalog-price list, and for the tools fabricated at 
the enterprise, from plant calculations. 

It is the duty of the outside-order office of the tool department to plan the 
deliveries of tools from outside. At this office, the data on the consumption and 
turnover stocks of purchased tools are summarized in a general chart of tools by 
types, determining the total amount necessary for purchasing the tools, and a sched- 
ule of the standardized tools required by the plant is drawn up. This schedule- 
application also includes the special tools which the plant is not in a position to 
fabricate.itself, as well as the forgings and other types of tool blanks, the stand- 
ardized elements of assembly jigs, attachments, and other tooling which ine tool 
department must acquire by deliveries from other plants or through ihe office of the 
Aviatekhmashsnab (Aviation Technology Machine Supply). l o 

In accordance with the funds allotted for acquisition of tools, the outside- 
order office of the tooling department works to realize the plan, placing its orders 
by plants and supply bases, and making the corresponding contracts with then. | 

Planning Tool Fabrication. The planning group of the tool department, Om TAT 


department of machine-assembly and welding work (depending on the structure of the 
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plant), is charged with the preparation of the annual and quarterly plans for the 
production of tools to be fabricated by the tool shop. The plan for each group of 
tools adds up the total number of normal labor hours necessary for its fabrication, 
while the amount of money necessary for this purpose is established from the 
classification-price manual. The data so obtained are compared with the capacity of 
the tool shop and with the funds appropriated for the fabrication of tools. On the 
basis of the annual and quarterly plans, an estimate of the expenditures of the tool 
shop is drawn, together with the plan of the organizational and technical measures 
ensuring fulfillment of the program assigned to the shop. 

Starting out from the quarterly plan and the backlog of current orders, a re- 
fined assignment for tool fabrication is issued for each month to the tocl shop, 
indicating the standard size of the tools and the deadlines for their fabrication 
by ten-day periods. In turn, the production and dispatching office of the tool 
shop details the monthly assignment program by shop departments. In the program, a 
definite percentage of the productive capacity (not over 10%) is reserved to fill 
urgent orders for tools. The verified calculation of the throughput capacity of the 
departments allows a final correction of the products-list portion of the program. 

. Preparatory work is done for each order at the tool shop: The production and 
dispatehing office provides the order for materials and blanks, the technologists 
prepare a flow sheet, and the designers design the second order tooling, i.e., the 


tools and attachments necessary to fabricate the tool orders. As soon as the mater- 


. lal has been received and the second-order tooling has been fabricated or made up 


into sets, the production and dispatching office of the tool shop issues the order 
for the fabrication of tools to the foreman. 

` The fulfillment of the program by the tool shop is figured by two indices: by 
labor cost in normal labor hours and by product list, in number of orders filled. 
The basis for the examination of the work performed are the invoices on delivery of 


the tools to the primary producing shops. 


482 


e 


P 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Limiting the Output of Tools. 


the tool consumption standards, establishes a limit for each shop and each tool item, 


The tooling shop, starting from the program and 


for its consumption by value and by physical units; this encourages the observance of 
discipline and economy in tool consumption. The Shop, in turn, sets up limits for 
its departments and workshops. The value of the limit is indicated in the tool re- 
cord card and in the tool ration book. 

Technical supervision over the operational use of tools is exercised by the 
inspectors of the tool department, Each inspector is assigned to definite shops, 
where he checks the worn tools before their delivery to the sorting base, and ini- 
tials the tool write-off schedules. The duties of the inspector also include find- 
ing the causes of systematic breakage of tools or their excessive wear, and checking 
the observance of the rules for the issue, acceptance, operation and storage of 


tools, 


Section 5. Purpose and Organization of the Work of the Central Tool Crib 


The central tool crib is intended for storage of inventories of standardized 
tools and of such special tools whose stocks are stored by the above described 
"maximum-minimum system, The other special tools are received by the distributing 
tool cribs of the primary producing shops directly from the tool shop, without pass- 
ing through the central tool crib. 

The central tool crib has several isolated departments, for testing abrasives, 
for storage of the master tools and cutting tools, and for sorting and accepting 
tools. The premises of the central tool crib are equipped with universal and spec- 
ialized racks designed for tool storage (Fig.106). 

Acceptance of Tools. Tools arrive at the central tool crib with an accompanying 
document, an invoice or routing sheet. A tool arriving at the central crib is un- 
packed and sent to the scrub room, after which it is checked quantitatively and 


STAT 


qualitatively. Tools fabricated by the tool shop of the plant are not checked at 


STAT 
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For the accepted quantity of suitable tools, the stockroom clerk and inspector 


of the inspection department sign an invoice, one copy of which is delivered to the 
tool department, a second to the material accounting office, while a third is issued 


to the shop that has delivered the tools. 
Storage of Tools. The location of tools in the central tool crib is effected by 


= 


M 
X LETS e 


Fig.106 - General View of Central Tool Crib 


a system convenient for acceptance and issue. The tools and attachments accepted 
are arranged in groups, and within the groups in the following sequence: 
a) Standardized cutting tools are stored by brands of material and by list 
sunbers in order of increasing dimensions; 
b) Measuring tools (caliper gages and smooth gages) are stored by classes  - 
“of accuracy and of fit, threaded gages by classes of accuracy, diameters, 


pitch, and type of thread; 


c) Special tools are stored separately from normalized tools and are arranged o 


Lh 
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by designations and drawing numbers; 

d) Abrasives are stored in a separate department, equipped with racks on 
which polishing wheels are arranged in the order of the listed sets; 

e) Attachments are usually stored in a separate stockroom and are arranged 
by detail-operations. 

In each compartment of a given rack, tools of the same standard size are stored. 
In this case the inventory corresponding to the "order point" is separated from the 
total quantity stored in the compartment; all the racks and compartments are num- 
bered. This makes an exact determination of the place of storage of a tool possible, 

Tools are stored in accordance with the instructions for the prolonged storage 
of materials, semifinished goods, and certain articles at plants, For correct stor- 
age of tools, the premises of the central tool crib must completely meet all the re- 
quirements stated in the instructions. Exemplary cleanliness must be maintained in 
the premises of the crib, and both temperature (20°C) and atmospheric humidity must 
be held constant, The storage of tools together with various chemicals (acids, al- 
kalies) is forbidden, Tools damaged by corrosion must not be placed in storage. 

After being placed in storage, tools are given anticorrosive treatment and pre- 
servation treatment, under the procedure and at the intervals prescribed by the in- 
structions. 

The tools in the central crib are recorded. in a card file. A separate tool 
record card is kept for each standard size of tool. The record is kept by the method 
of the current balance, i.e., after each operation of acceptance or issue of a tool, 
the income, outgo, and balance are noted on the card. The stocks of tools at the 
central crib are periodically inventoried. l 

Tools are issued from the crib to the shop on account of a limit opened against 
shop requisition-invoices, or on limit cards, signed by the head of the tool crib 
of the shop or by the tool technician of the shop. 


STAT 
The regulation of tool inventories of the central tool crib is conducted on vne 
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basis of the data of the account cards and the information provided by the crib. 


Section 6. Organization of the Tool System of the Shop 
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In the shop, the tool office or the tool technician handles the tool supply. 
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The shop stockrooms for tools and attachments and the workshop for attachment main- 
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The distributing tool cribs provide an uninterrupted supply of the work sta- 


tions with tools and attachments. The area of the crib is determined on the basis 


x CANA 


of 0.15 - 0,25 x^ for each productive operator served by the given crib. 

In the crib, each group of tools is located on a special rack in the same order 
as in the central tool crib. Each compartment of the rack is designated by the code 
number of the tools placed in it (Fig.107). During prolonged storage, cutting tools 


are periodically given anticorrosion treatment. 


NEGO 


The record for tools and attachments at a tool distributing crib is kept by 


the card system. A record card is kept for each standard size of tool. The record 


eae 


cards of standardized tools are stored by types of tool, and those for special tools 


ann mm 


by the drawings of the parts. 


Tools are issued from the stockroom to the operator for permanent or temporary 


qe — aun 


use. Tools or attachments issued to an operator on the service note of the foreman 


"nuns 


for permanent use, are entered on the operator's personal card and in his tool book. 


The tool book is retained by the operator himself, while the personal card with his 


Fig.107 ~ Rack for Storage of Tools at a Distributing Tool Crib 


signature is kept at the distributing tool crib. 
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Tools are issued for temporary use under the double-check system. Under this 


system, there are two kinds of checks in circulation in the shop, checks with the 


| 
M 
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payroll number of the workman and checks with the code number of the tool. The 
former are issued to the operator against signature on the personal card. The lat- 
ter are kept in the rack compartments together with the tool, On receipt of a tool, 


` STAT 
the check with the payroll number of the operator is hung on a hook in the same com- 
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partment of the rack from which the tool was taken, while the check with the code 


number of the tool received, taken from the compartment, is hung on the payroll num- 
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Fig.106 - Box with Set of Tools for 
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Setting up a Machine Tool to Pro- 


cess a Definite Part 


ber of the workman on a board set up in the 
tool crib. The payroll board of the tool- 
distributing crib will show what tools have 
been charged to each operator, and the 
payroll-number checks in the compartments of 
the rack will indicate what operators have 
the given tools in their possession. 

Some methods of issuing tools do not 
make the operator lose time in getting the 
tool from the tool crib, in person. 

For example, on the basis of the shift- 
day assignment of the foreman, the distri- 
buting tool crib may make up sets of tools 
and deliver them directly to the work sta- 


tion. In exchange for the tools delivered, 


the messenger takes his tool checks from the operator. When the operator delivers 


the tools to the incoming shift, he receives the corresponding check from the man 


on that shift. 


A set of tools may be issued by the tool crib to the machine setter. In this 


case, a complete set in a box (Fig.108) is kept in the compartment of the rack for 


frequently requested setups. -This minimizes the time spent in selecting, issuing, 


and receiving the tools. 


Inexpensive and frequently requested tools, such as drills in major assembly 


shops, are issued by the tool crib to the foreman, who himself issues the tools to 


the workman in exchange for worn or dulled tools. 


Tools and attachments used only briefly are returned by the operators after 


1,88 


completion of the shift, or after the work has been done, to the distributing tool 
crib. The inspector of the distributing tool crib and the foreman of the section 
draw up a formal statement covering a worn or broken tool, indicating the causes of 
the breakage and the person responsible for it. In the assembly shops of aircraft 
construction enterprises, all tools are turned in daily by the operators and are 


stored in the personal tool box of the operator. When tools and attachments are 


Fig.109 - Inspection of Tools Turned in by Operators to the 


Distributing Tool Crib 


turned in to the crib, their condition is checked by an inspector who sorts them 
into good-order tools, into tools for repair at the shop itself (minor repairs), 
and into tools needing repair at the tool shop (major repair) (Fig.109). 

On production lines and at work stations with a permanent list of operations, 
the system of compulsory replacement of tools is recommended. Under this systen, 
the issuing clerk of the crib, according to a graph, visits the work station and, 
under an obligatory procedure, replaces the tools of: the operators piece by STAT?» 


regardless of whether they are completely or partly dulled. This is the most ex- 
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pedient form of tool utilization, since as much as 40% of the total number of break- 
“age and cases of premature wear are due to work with dull tools. 

The write-off and surrender of worn and broken tools are formalized by an offi- 
cial statement. The distributing tool crib delivers such tools to the sorting 
stockroom of the tool depártment: the suitable ones for rebuilding, according to 


number, and the junk as scrap, by weight. 


Section 7. Organization of the Repair and Maintenance of Attachments, and the Re- 
building and Grinding of Tools 


The current maintenance of all tooling and the major repair of simple attach- 
ments are handled by the tool maintenance workshops of the primary producing shops. 
The major overhaul and the periodic inspection of complex tooling (assembly jigs, 
bodies for dies) is performed by the corresponding shops of the chief technologist. 
For example, all assembly jigs in all assembly shops are systematically inspected 
by workers of the shop inspection office of the large-assembly tooling shop. The 
large-assembly tooling shop prepares a special graph for the timely conduct of cur- 
rent inspections and repairs of assembly jigs. The periods for conducting inspec- 
tions and doing maintenance work on the tools are entered in the graph on the basis 


of the rating plates filled out for each assembly jig. 


The shop inspection offices of the large-assembly tooling shop and of the pri- 


mary producing shop, using the attachment, supervise the adherence to these periods. 


The actual dates of inspection and maintenance and their results are entered on the 
rating plates. An analogous control system is extended to all other machine and 
welding attachments. To shorten the period of tool maintenance, all necessary pre- 
paratory work is done before the beginning of the maintenance operation itself. 

The rebuilding of tools allows their repeated ‘use, which is of great economic 
importance (Fig.110). The standards for the delivery of tools by shops for re- 
building must be established zn each plant, The following are the principal methods 


of rebuilding a tool: 1) transforming the worn tool into one of different size and 
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type by reforgiig, regrinding, or repolishing; 2) restoring the tool by recutting it 
(sawteeth); 3) restoring the tool by welding any holes or cracks, welding the rims 
and segments, deposition by special electrodes; 4) restoration of an abrasive tool 
by regrinding, pressing, cutting out; 5) restoring a tool by electrochemical methods, 
for instance, by chromium-plating. 
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Fig.110 - Economics Effectiveness of Re-Use of Tools 
a) Average % of restoration; b) Drills; c) Cutters; d) Centers; 
e) Milling cutters; f) Reamers; g) Broáches; h) Tools for processing 


holes; i) Threading tools; j) Other cutting tools 


Under the system of centralized grinding of cutting tools » the grinding is done 
strictly according to the drawing and a process chart; machine finishing of a STATi- 


blade cutting tool is compulsory, and the grinding operators and inspectors are pro- 
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vided with means of checking the tool geometry. All this ensures high grinding qual- 
ity. 

The forms of organization of the centralized tool grinding vary widely. At de- 
velopment plants, a tool grinding workshop is organized at the tool shop. At series 
aircraft plants, the system of group tool-grinding workshops is in wide use. This 
permits operative servicing of the primary producing shops and productive utilization 
of the grinding equipment. The tool-grinding workshop includes productive depart- 
ments for regrinding the tools, a distributing station (exchange crib), and an in- 
spection station for checking and accepting the reground tools. 

The distributing tool crib of the primary producing shop delivers a lot of 
dulled tools to the exchange crib of the tool grinding workshop and receives in ex- 
change the same lot of ground tools. For this purpose, an exchange stock of tools 


is kept at the crib. 


Section 8, Advance rience of Automobile Tractor Plants in the Or 


of the Tool System 

At automobile and tractor plants the tool system is centralized, and the tool 
department is charged with all responsibility for providing the shops with tools. 
The superintendent of the tool department directs the production of tools, their 
storage, restoration and regrinding. A11 the distributing tool crib and regrinding 
workshops of the shop are subordinate to the tool operation shop which is a part of 
the plant tool department. 

For each shop, the plant tool department establishes and makes up sets for the 
permanent turnover stock of tools. | 

The i explet vds between the central tool crib and the distributing tool cribs 
are simplified. The crib exchanges worn tools for the shop crib, piece by piece, 
without divites. on presentation of a statement of complete depreciation. If a tool 
is lost or broken, the statement indicates the person responsible and the number of - 


the defect notice. The central crib issues the shop crib a new tool in complete 
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correspondence with the schedule and the number of those delivered for scrap accord- 


ing to the written statement. 


At the distributing tool cribs, worn, broken and lost tools are not written off, 


but no new ones are received in exchange, since this exchange is conducted piece for 


piece, and the number of tools established by the turnover stock remains unchenged. 


Invoices are made out only when the operating turnover stock of tools in the 


Stockrooms changes. All this simplifies the records and reports. 


Table 41 


Type of Shop 


Lofting-template 


Nonmetallic tooling 


Tooling for cold and hot stamping 
and casting 


Large-assembly tooling 


Mechanization facilities 


Name of Tools Fabricated by Shop 


Theoretical and design lofts, lofting 
templates, baskets or gage templates 
(three-dimensional templates) 


Mockups, plaster molds, form blocks, 
sand molds, wooden router templates 
and wooden dies 


Dies, compression molds, pressure 
chucks, rolls for rolling, mandrels, 
metal form blocks, forging dies, cutting 
coining, forging tools, chills, com- 
pression molds for casting 


Cutting, forcing, threading, fitting- 
installation, riveting, edging and 
special tools; machine-tool attach- 
ments; welding attachments. 


Assembly jigs, assembly and master 
attachments, master patterns, mockups 


Test stands, equipment for conveyor 
production lines, material-handling 
mechanisms, airfield equipment, 
dollies, straps 


Tools for a machine tool are issued to an operator for permanent use by the 


tool distributing cribs on set cards. The operator exchanges dulled and worn tools 


at the crib for good-order tools, piece for piece, without any formality. TSIAT. 


livery by an operator of a broken tool, or the lossof'a tool, is formalized by a 
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written statement. 
Such a system of organization of «the tool system results in a reduction of tool e l e 
consumption and in uniform distribution of its reserves , and permits cutting the 


number of stockroom clerks and accountants employed. 


Section 9. Productive Base for the Fabrication of Tooling 


At an aircraft construction enterprise, various Shops, specialized in the fab- 
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Tooling Shop 
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rication of definite forms of tooling, are organized for the fabrication of numerous 


and varied types of tools. The number of these shops and the amount of work done 
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by them varies with the class of machine produced and the program of its production. 
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Table 41 gives an approximate list of the shops under the jurisdiction of the chief 
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The advanced plants cut dom the number of auxiliary shops by combining them. 
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ormal cutters 
cutters, 
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piercers 
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This considerably reduces the administrative expense, 


Drills, counterbores, 
rS, 


disk milling cutters, 
other milling cutters 
reamers, broaches, 


End milling cutters, 
Pneumatic hammers 


e 
f iili 
Screw ta 
Ro 
vet sets 
auxiliar 
tools 


f 


At aircraft construction enterprises s in addition to the auxiliary shops, each 
primary producing shop or group of uniform shops has a workshop for fabricating and Fig.Hl - Productive Structure of a Large Tool Shop (The 
maintaining the tooling. The existence of such a workshop makes the work of the Proportion of Work Done by the Given Department in the 
shop more operative and relieves the auxiliary shops from having to fabricate simple Total Labor Time of the x is aii in Parentheses) 


attachments» 


Each tooling shop is an independent productive unit, which carries on its ac- Total Number of Equipment (in % of Total Metal Working 


Pieces of Metal Equipment of Plant) for the Shops 
Working Equipment in 


- i the Plant - - 
; The structure and.composition of the tool shop depends on its scale, At small "e Tool Shop Machine-Tool 
: f ! Attachment Shop 
enterprises, the tool shop fabricates all forms of cutting tools, machine-tool and 


welding attachments. In such a shop, the producing departments are organized ac- 500—1000 


tivity on an independent, unsubsidized basis. 


t PEO 
pr A ise tee tates. E 


Am SS ABA renun rester gs 


cording to groups: machine-tool, gage, fitting-assembly, heat treatment, galvani- 1001—2000 


ACROSS CEA TESI 


Nate An mpeg TEE 


zing, and welding. At the large plants, the producing departments of the tool 2001—3000 


Shops are specialized to fabricate tools of uniform design (Fig.111). over 3000 


The tool shops also include workshops - abrasive, tool grinding, tool repair, 
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and tool restoration. 

The abrasive workshop does truing, balancing, and chemical treatment of abras- 
ive wheels, sizing the holes, reworking the shapes and dimensions of the wheels, 
calking, and diamond burring. The purposes of the remaining workshops have already 
been discussed. 

The relation given in the Table below should hold between the total amount of 
metal cutting equipment at a plant, the equipment of the tooling shop and that of 
the machine-tool attachment shop. 

By major types of machine tools, the principal equipment of the tool shops is 
distributed as follows (in % of all metal-working equipment of the tool shops): 


Turret Lathes ji. sesesaevecaseektesastspacuessa- 3 
Lathes ceccccsccscccccccvcccccscccsscccccesevece 28 
Gear-cutting lathes ..ccccccccccvccccccccccccece 3 
Precision jig boring ..ccccccccccccccccsccsccces 2 
Milling sine ilo 89r c oo eu E essees oser oos 
Shaving and slotting .ceccccccccccccccccccscocce 
Drilling rr 
Grinding AT A E E E 
Screw grinding sara 
Tool grinding der 
Finishing sb 


Total 100% 


The auxiliary equipment, straightening, cutoff and other machines, comprise to 
15 ~ 20% of the principal equipment. 


Section 10. P I 0 izationa!” Technical Me es and Princi Methods of 
Saving Tools E 


The expenses for the fabrication of tooling at aircraft construction plants 


is ENTRO A ARLENE AEE 
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amount to over one ruble for each ruble of pay for the production workers. In order 
to reduce the expenditures on the fabrication of tooling, improve its quality and 
economically utilize the tooling in production, the tool department establishes and 
implements a plan of organizational-technical measures. This plan reflects the pri- 
mary paths of tool economy and reduction of tool production cost find reflection. 

Standardization and Typification of Tooling. The work on standardization and 
typification of tooling develops along three directions: 1) limiters of tooling are 
used, orienting the technologist and designer to the use of tooling that is econom- 
ically effective for the given production; 2) use of completely standardized tech- 
nological tooling, which does not change with the object of production, is expanded; 
3) tooling is created in which the basic body elements are standardized and the re- 
placeable elements, holding the part being processed and fixing its position, remain 
unstandardized. Y 

improving the Quality of the Tooling. For a cutting tool, this means improving 
the geometry and lengthening the service between regrindings; for attachments it 
means providing speed, accuracy, and rigid attachment of one or several parts. 

The establishment at tool shops of departments specialized for mass and large- 
lot production of. tools and attachments to supply a group of plants. This increases 
the load on the equipment, allows using the production line form of organization, 
and considerably reduces the expenditures of labor. 

The mechanization and efficient organization of the labor of the workmen in the 
auxiliary shops ensures the growth of labor productivity of the auxiliary workmen 
and lowers the expenditures of labor for the fabrication of tooling. 

The use of the experience of advanced workmen in saving tools in each productive 
operation is very important. The use of advanced economic standards (standard of 
service between grindings, standard of tool consumption, standard of tool restora- 
tion, technically justified standard times for all typical operations) plays an im- 


STAT 
portant role, z 
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Section 11. Calculation 
T Ec 
The tool department, or the department of machining, assembling, and welding 
work (according to the subordination of the shop which fabricates the tooling) is 
charged with the work of preparing the expenditure estimate. Table 42 shows, in a 
general form, such an estimate for a tool shop as a typical representative of this 


group of shops. 


Table 12 
Estimate of Expenditures of Tool Shop 


Including: 


Special Normalized 
Total Tools 


Indices 


1. Outputeat planned-accounting 10,000 5000 3000 2000 
prices (by price schedule) in 
thousand rubles 

2. Planned production cost of output 91,00 14750 27700 1950 
in thousand rubles 
This includes: 
a) Materials 1880 950 540 390 
b) Wages of production workers 3760 1900 | 1080 780 
c) Shop expense 3760 1900 | 1080 780 

3. Production cost in percent of 944 95% | ' 90% 97.5% 
planned-settlement prices 

he Percent of reduction of production 6% 5% 10% 2.5% 


cost by comparison with planned- 
settlement prices 
The estimate presented in Table 42 has been prepared in consolidated indices 
and reflects the volume of expenditures of the shop on the output planned for it. 


The calculations are made for each form of tooling separately and are then grouped 
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into expenditures for special and standardized tooling. From this estimate, the sum 
of the expenditures for special tooling is separated into a special estimate of ex- 
penditures, while the sum of the expenditures for the standardized tools is carried 
to the overhead expense of the shops consuming the standardized tools. 

The planning of the production costs of the tool shop consists in establishing 
& definite relation between the course of the tooling and the course of its produc- 
tion according to planned-computation prices (rates). The difference between the 
cost of production according to the planned-computation prices and according to the 
plan production cost of the tools is the aggregate of the tool shop. The enterprise 
is obligated to effect a systematic reduction of the production costs of the auxil- 
iary shops. 

The output of finished products for a sum of 1000 rubles according to planned- 
computation prices is usually taken as the consolidated calculation unit. 

The principal indices characterizing the quality of work of the tool system are 
as follows: fulfillment of the plan with respect to acquisition, fabrication, res- l 
toration, and consumption of tools; percent of losses of working time in the primary 
producing shops owing to lack of tools, and the sum of extra payments to workmen as 
a result of the low quality of tools; planned prices for tooling and production cost 
of its fabrication; amount of standardized tools in percent of the totàl amount; 
relative and absolute values of the expenditures on tooling per machine tool; amount 
of the turnover stock of tooling in rubles; percentage of technically justified 
standards employed in the tool shops. 

The improvement in the economic indices of the work of the tool system is en- 
couraged by its organization on the basis of independent unsubsidized operations. 

The organization in the economic regions of specialized plants producing stand- : 
ardized tools and attachments will play an important role in the reduction of the 


expense of fabricating tools. 
j STAT 
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Section 1. Standardization of the Production and Consumption of Power 


e The planned and economical management of the power system demands the establish- 
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ment of progressive standards of production and consumption of all forms of power. 


—— e 


The department of the power superintendent works out standards for the consump- 


tion of electric power, fuel, steam, air, gas, water, and auxiliary materials per 
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CHAPTER XIV unit of product. 
ORGANIZATION OF THE POWER AND MAINTENANCE SYSTEM A technically justified standard is established on the assumptions that the 


Pee at St, aay seh tae 
AS 


equipment is in good operating condition, that repairs are made in a timely manner 


according to the aprroved graph, that the work is done by qualified workmen in ac- 


The power system of a plant includes the electric and thermal power stations; cordance with the conditions prescribed by advanced technology and experience, that 


uu 
Feats 


the high~voltage substations feeding the plant with electric power from the regional the yield of the equipment is the maximum for the given concrete conditions, that the 


Ce ers 
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quality of the fuel or other starting material meets the State standards and the 
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State power station or system; the steam-power shop, generating steam and hot water 


; 
i 


approved specifications, and that the power losses in the shop and plantwide nets 
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for process and heating purposes; the gas-generating station, producing acetylene 


'and other gases for process purposes, mainly, for welding; the oxygen station, pro- correspond to the approved standards. 


ducing oxygen for process purposes (welding, supply of installations); the compressor 6 Standards of power consumption are established for each shop and each service 


station, producing compressed air for scavenging, riveting, cleaning-finishing and of the plant in the following units of measurement: electric power, in kilowatt 


pere [e 


other forms of work; the water pumping station, delivering water to the shops and hours (kw-hr); steam, in tons of regular steam (640 megacalories per ton); com 


pressed air, in normal cubic meters (Nm); oxygen, fuel gases, and unheated water, 


EA 


services of the plant; the telephone exchange; the shop for repairing the electric 


e 
a 


in cubic meters (m^); hot water, in megacalories (megcal). 


ERES 


equipment; and the storage facilities for fuel and electric materials. 


€: 


The workers of the power system must provide for uninterrupted supply of the Natural fuel is converted to conventional fuel by using the calorie equivalents 


C" 


production line with electric power, steam, gas, compressed air, and water; heat approved by the Gosplan USSR. The heating value of a unit of conventional fuel 


E 


industrial structures of the plant and the housing facilities; maintain the power is 7000 kcal. 


equipment and communications in a condition of constant readiness for operation; im- The calorie equivalent is determined by dividing the heat value of one kilogram 


Mmm etr m Ie ene 


of natural fuel by the heating value of one kilogram of conventional fuel. For in- 


SEA p ERA 


prove the technique and organization of the power system; manage the power systen, 


observing a regime of economy in the consumption of fuel and power of all forms; stance, one kilogram of coke yields 6510 kcal. Consequently, its calorie equivalent 


carefully prepare all power units for operation under autumn and winter conditions, will be 6510 : 7000 = 0.93. 


when the load on the power equipment is particularly great. The units of production for which the standards of power consumption arSTAT 


tablished are as follows: ton of sound casting, forging or stamping, in casting 
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and forging shops; ton of sound heat-treated product, in heat-treatment shops; 
machine-set of parts, in sheet-metal shaping, stamping, and machine shops; part or 
unit, in welding shops; square meter of area coated, in coating shops; unit, assembly, 6 


or aircraft, in major and final assembly shops. 


In the shops for power generation, the following are the units of production on 
which the standard is based: 1000 kw-hr of power generated, for electric power sta- 
tions; 1000 Nm of compressed air produced, for compressor stations; 1 ton of normal 
steam or 1 mgcal of heat, for boiler stations; 1000 m3 of water pumped, for pumping 
stations; 1 ton of standard carbide, for carbide stations; 1 m of oxygen gas, for 
oxygen installations; 1000 Nn? of dry gas of standard heat value, for gas-generator 
installations. 

The standards for the consumption of electric and thermal energy for the manu- 
facture of each type of production can be calculated by two methods. 

One of these methods is used in mass production and consists in establishing a 
standard of consumption for each form of energy per part, according to the types of 
processing: stamping, machining, welding. 

The second method is used in multipart series production, and particularly in 
draraft building, and consists in establishing the standard consumption for each 
form of energy per macnaneseet of parts of the article. 

The technique of computing the standards of consumption of fuel, power, gas , 
"T compressed air by these methods is discuesed in detail in a publication: 
"Standardization and Economy of Power and Fuel at Enterprises of the Aircraft In- 
dustry" (Oborongiz, 1951). 

The standards of power consumption should consistently decrease, in view of 
the use of new techniques, more complete utilization of existing techniques, and 
‘strict observance of a regime of ione in power consumption. 


In establishing a standard consumption of fuel or power for a shop or service 


for the fórthcoming month, a limit is at the same time fixed within the limits of 


~ 


aa i T e ot 


this standard. The limitation of fuel and power consumption is a necessary condi- 


tion ensuring conformity with the established standards. 
Section 2. P tio ct 


The consumption of power is separately planned for each form of power, and is 
directed toward a determination of the actual power requirements of the enterprise, 
toward observance of a regime of economy in power consumption, and toward reduction 
of its production cost. 

The starting materials for planning the consumption of power are the standards 
of power consumption by forms of product, the production program for the planned 
period, and the trend of power demand during the course of the year. 

The plan provides for the consumption of power for primary producing and aux- 
iliary needs, and allows for the losses in the shop and plant mains. 

The consumption of power for primary requirements, i.e., for operation of the 
equipment used in processing the primary article, is a variable quantity which de- 
pends on the assigned program and on the standards of power consumption. The con- 
sumption of power for primary requirements during the planned period may be calcu- 
lated by two methods: approximate, by equipment operating time; and exact, by 
standards of power consumption per article produced. 

The consumption of power for auxiliary requirements (operation of materials 
handling devices and equipment of the auxiliary workshops of the shops, as well as 
lighting and ventilation) is a quantity that is conventionally taken as constant and 
as not directly dependent on the shop program. The consumption of power for auxil- 
iary purposes is calculated from the number of sourcés of constant power consumption, 
time of operation (utilization) of these sources during the planned period, and 
standards for power consumption per unit time. The conventionally gabe power 
consumption also includes the power losses in the mains, which are calculated accord- 


STAT 
ing to approved standards. y 
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In the consolidated calculation of the consumption of electric power for the 
primary requirements, the equipment is first classified by motor power and by opera- 
ting time; then the amount of electric power required to fulfill the program is de- 


termined by the forma 


P E Nest Tact Kia 
var Ky-K4 E 


where Nai is the established power of the primary equipment of the shop (the sum 
of the powers of the motors of the equipment), im kw; 

F act is the actual annual operating time of equipment, in hours; 

Ky is the coefficient of loading of the machine-tool equipment (0.8 - 0.96); 
K, is the coefficient of simultaneity of operation of the equipment 
(0.6 - 0.7); 
K3 is a coefficient allowing for power losses in the mains (0.96); 
K, is the efficiency of the motors (0.85 - 0.9). 

In an exact calculation of the consumption of electric power for the primary 
requirements, the consumption of power per article and the program of production of 
articles during the planned period are taken as basis. 

The consumption of electric power by a shop on the basis of its standard power 
consumption per article and the program of production of articles is calculated from 
the formula 

Aum As: N, 
where A, is the total standard consumption of electric power for the shop per ton 
of sound castings, forgings, or for a machine-set of parts; 
N is the program of the planned period, expressed in tons or in machine-sets 
“of ‘parts (allowing for the spare parts). 
The total consumption of power for the shop and plan period is calculated from 


the formula 


A shop = Aconst * Azar 
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where Aconst is the standard consumption of power for the plan period based on the 
conventionally constant power consumption of the shop; 
A ar is the consumption of power in the plan period depending on the quantity 
of product processed. 

The calculation results are entered in a summary schedule of the electric power 
consumption for the shop. Table 43 is an example of such a schedule. 

The computations by shops and services are verified and corrected by the power 
superintendent's department, and are summarized by it in the general plan of consump- 
tion of electric power for the plant. 

À balance of electric power is necessary for the final verification of the in- 
put and consumption of electric power. 

The summary balance is prepared by the department of the superintendent of 
power. The input part of the balance shows the sources from which electricity is 
received (the plant's own stations or receipt from the regional mains) , while the 
consumption part of the balance shows the distribution of this electric power by 


consumers, i.e., by shops or services, during the plan period (year, quarter, or 


* month) taking account of the power losses in the transmission lines and the distri- 


buting mains and the varying duration of daylight. 
The balances of input and consumption of other forms of power are also drawn, up 


separately for each form of power, i.e., for fuel, compressed air, and gas. 


Section 3. Plan of Organizational-Technical Measures and Principal Ways of Saving 
Fuel and Power 


The plan for organizational-technical measures must represent the measures 
Scheduled for improving the profitability of the power system by combined mechaniza- 
tion of the work, by increase in the coefficient of utilization of the existing 
equipment, by extensive utilization of the experience of production innovators and 

i STAT 


of advanced enterprises , by better organization of production and labor, by observing 


a regime of economy in the consumption of fuel and power of all forms. The plan 


STAT 
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prescribes the principal ways of economizing fuel and power. 


Table 43 


ey 


for Year 195 __ 


Determination of Expenditure of Electric Power for Shop No. 


M ea a € m, 


EO cena acere rm em e MIRI HCN AAA E E A EET TIT 


Total Con- 
sumption of 
Electric 
Power per 


ced A shop 


Items of Power Output Consump- 
tion of 
Electric 
Power 
on Var- 
iable 
Compon- 
ent AN 
in 
Thousand 


kw-hr 


Consumption i of 
Product 


in 
Physi- 
cal 


prem 


Thousand 
kw-hr 


Units 


or eee ee ee 


STE A ei- má aee RENTER re HD us Soma Rea re OA 


I. Article A 


1 Machining 5 

2 Heat treatment, etc 37 
Total for Arti- 

cle A 42 


c 
eel. 
Le 


a 


II, Auxiliary 
Work for Shop 


1 lighting 3 
Ventilation 
3 Materials handling i 


Total for Auxi- 
iliary work 7 


Y 


III. Losses in 
shop nets 


1 Losses, in nets 


p- 
r 


V 
ww 


2 «Transformer losses 
Total for shops uy - - 42 56 


The. reduction of electric power losses in the mains, in the lighting fixtures, y ) 
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and in the use of the equipment is very important. 


To avoid electric power losses in the mains, these must be systematically in- 


spected and checked, no damaged insulation must be allowed, and the load must be uni- 
formly distributed among the lines. 


The correct choice of the type and wattage of the bulbs and voltage for lighting 


will prevent power losses in the lighting fixtures; lights must not be left on during 
nonworking time. 


In the stamping, machine, and other shops » the following factors are of great 


importance for economy of electric power: coordination of the power of the electric 


motors and the power of the process and machines on which they are installed; avoid- 


ance of idling of the equipment; proper maintenance of the equipment (particularly 


timely lubrication, which reduces the power loss in overcoming friction); transition 


to high-speed methods of processing, and reduction of the contribution of auxiliary 


and service time to the standard time per piece; correct distribution of the parts 


for processing on the corresponding equipment. 


For economy of fuel, important factors are: rational organization of the fuel 


dumps; control of the quality of each incoming lot of fuel; and verification of its 


conformity with the State standard. Proper trimming of the coal in the bunker, and 


storing by grades, will prevent the coal from weathering and spontaneous combustion. 


The establishment of standards and limits of fuel consumption encourages its eco- 


nomical use, 


The change-over of boilers to mechanized stoking and the correct conduct of the 


process of burning the fuel are highly important. Boiler installations should be 


equipped with measuring devices to record the fuel consumption and the heat evolved. 


It is necessary to maintain the installations, the heat insulation, and the fittings 


of the thermal network in first-class condition, including regular removal of scale 


from the inside heating surfaces of the boilers and of soot and deposits fg—AThe 


boiler tubes, Use of water economizers in boiler installations, increased recycling 
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for the needs of the plant, likewise help to economize fuel. To avoid excess con- 
sumption of fuel, the furnaces must not run idle; the parts must not become over- 
heated; the molding sand, clay, and cores in casting shops must not be overdried; 
the bulk of the conveyors, baskets, and furnace soles in the heat-treatment shops 
must be reduced; injection burners and short-flame nozzles of the vortex low- 
pressure type must be used for burning gas; the oven charges must be increased and 
maximum utilization of their useful area must be achieved. These aná many other 
measures will ensure a 35 - 40% economy of fuel oil and will increase the efficiency 
of ovens and furnaces. 

Maintenance of the equipment, network, and hoses in first-class condition will 
allow a reduction in compressed-àir losses in the compressors, in the compressed- 
air network, and in the pneumatic tools. A saving of compressed air is likewise 
accomplished by cutting down its use for scavenging parts, by replacing cylindrical 
tips with self-closing tips with conical nozzles; by using limiter disks on sand- 
blasting machines and pebble mills; and by supplying pneumatic hammers, furnace 
tuyeres, and sandblasting machines with compressed air heated by the waste gas of 
the furnace itself. 

To economize calcium carbide, acetylene, and oxygen in gas welding and metal 
cutting, the carbide should be protected from air, acetylene loss should be elimi- 
nated by maintaining the welding equipment in top-notch condition, making absolutely 
certain that the charging boxes are clean and dry, that the carbide is put into the 
boxes in strict accordance with the standard, that water is added at the proper time 
to fill the body of the gas-holder, and that the generator cocks are in good condi- 
tion and well lubricated. The regenerated water drained from the generator into the 
sludge pits and remaining there not more than a day should be used for dissolving 
the acetydne.. Carbide dust and fines should also be used by adding them (10 - 15%) 


to lump carbide for the preparation of acetylene (each kilogram of fines will yield 
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90 - 200 liters of acetylene). The use of economizers, which automatically shut off 


e the supply of gas on completion of welding, will also have a certain favorable 
effect. 


Section 4. Calculation of the Expenditures on the Power System, and the Principal 
Economic Indices of Its Operation 


The departments of the chief machinist and of the power superintendent have the 


duty of preparing estimates of expenses and computation sheets for the shop produc- 


tion cost of electric power, steam, gas, and water. 


Let us consider, as a typical example, the technique of planning the production 


cost of electric power. 


At enterprises which have their own electric power Station, the estimate of 


expense for the production of electric power includes all forms of expenditure for 


the maintenance of the station, i.e,, the cost of fuel, materials, and lubricating 


oils; the deductions for depreciation; the base pay and additional wages for the 


workmen; the transport expense and the shop overhead. 


At enterprises that receive electric power from the State regional stations, 


the plant production cost per kw-hr of power is computed by an estimate, in the 
form given in Table 44. 


We obtain the production cost of one kilowatt-hour of electric power by divid- 


ing the total cost of production of electric power by the number of kilowatt-hours 


of electric power delivered to the consumers. 


The cost estimate is drawn by the service under whose supervision the shop is. 


The cost per individual item of the estimate are calculated as follows: 


The cost of electric power received from the city or regional GE3 (State elec- 


tric system), is determined from the price for power at the enterprise feeders. The 


amount of power used during the plan period is taken from the balance of power con- 
STAT 


The expenditure for oil, cleaning and other materials is determined from their 
| STAT 
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a consumption standards per unit of equipment, allowing for the number of shift oper- 
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Bin GR S $ 
s E = 3 i all shops and is set forth in detail in our Chapter "Plan for Labor and Wages". 
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The principal economic indices of operation of the power system are the fulfill- 


ment of the plan for production of power of all forms; the production cost per unit 


of each form of energy; the value of cosy, indicating the portion of power which 


goes to perform useful work; the idle time of the equipment of tne primary producing 


received, 
in 
1000 rubels 


shops as a result of interruptions in the power supply; the coefficients of utiliza- 


tion of fuel and other raw materials for the generation of electric power, gas, and 
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tion of the maintenance system, for all aircraft construction enterprises. 
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a eo Soviet aircraft plants are equipped with first-class machines and machine tools, 
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E 2 e e which constitute an important part of the fixed assets of the plant and represent 
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h = $ the material basis for the growth of labor productivity. It is important that this 
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handled by the service of the chief machinist of the plant. ` Sii 
e The workers of the maintenance service have the duty of performing the following 
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work: classification of equipment and preparation of the necessary rating plates; 
layout of the processes of maintenance operations and of requisite tooling; planning 
and conducting inter-maintenance servicing and repairs of the equipment; moderniza- 
tion of the equipment, organization, standardization, and payment of the maintenance 
workmen on the basis of independent, unsubsidized operation and advanced methods of 
labor; development and introduction of advanced economic standards in the mainten- 
ance system. 
Section 5. Classification of Equipment Provision of the Requisite Rat 

Plates 

Organization of the maintenance system begins with classification of the equip- 
ment and provision of rating plates, 

In classification of the equipment, a machine tool is assigned a definite in- 
dex (code), 

The code, or inventory number, of a machine tool consists of three parts: one, 
defining the type of equipment according to the classification of the Central Sta- 
tistical Administration; another, defining the group of equipment according to the 
same classification system; a third, indicating the serial number of the equipment 
of ash type. 

According to types, the equipment is divided into nine groups: 1) metal- 
cutting, 2) forging-stamping; 3) woodworking; L) power; 5) materials-handling; 

6) pumping-compressor; 7) casting; 8) welding; 9) miscellaneous, Each type of 

eau sent is composed of groups; for instance, metal-cutting equipment includes such 
groups as: Ol, lathes; 02, turret lathes, etc. To designate the serial number of 
the equipment, three or four of the last digits are given in the code. For instance, 
a lathe with the serial No.999 will have the code 1.01.999. 

The system of rating plates or sheets covers all equipment of the plant. A 
rating plate ‘is prepared in the department of the chief machinist for each unit of 
the equipment, describing the kinematics of the equipment, its operating conditions , 
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and the allowable loads. Such a rating plate for the equipment is necessary for the 
machinist in placing the machine tool in a definite group of complexity of mainten- 
ance, in establishing the rules of caring for the equipment, and for its maintenance; 
for the technologist in selecting equipment and defining the planned conditions of 
processing; for the time-study man in calculating the standard times for operations; 
for the electrician in selecting or replacing an electric motor and in repairing 

the other electric parts of the machine tool. Any change in the kinematics or other 


characteristics of a machine tool must be reflected in its rating plate. 
Section 6. System of P ed-Preventive Maintenance 


System of planned-preventive maintenance (PPR) is the name given to the aggre- 
gate of preventive technical and, organizational measures pertaining to the care and 
supervision of equipment, and to its servicing and maintenance, performed by a plan 
drawn up in advance, having the purpose of ensuring uninterrupted operation of this 
equipment. 

The system of planned preventive maintenance makes the shop superintendent re- 
sponsible for the operation and condition of the shop equipment, the hian for the 
equipment of the department, the operator for the machine tool entrusted to him, 
the shop machinist for the quality of maintenance of the equipment, and for the 
timely and complete performance of all err prescribed by the system of planned- 
preventive maintenance. 

The system of planned-preventive maintenance of technological equipment is com- 
posed of inter-maintenance servicing and periodic maintenance operations. 

Inter-maintenance preventive servicing includes checking the equipment, condi- 
tion, obeying of rules for operating the equipment, timely adjustment of the mechan- 
isms, and elimination of minor irregularities. | 

The operator of a machine tool participates in the inter-maintenance servicing : 


STAT 
he inspects and checks the equipment before beginning his work, observes the opera- 
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ting conditions of the equipment as prescribed by the process chart and obeys the 
rules for handling the machine tool, checks the normal condition of the equipment, 
especially the control mechanisms, the guards and the lubricating mechanism, elimin- 
ates minor irregularities found, and, at the end of each shift, puts in order, 
cleans,and lubricates the working surfaces of the equipment, and keeps the work sta- 
tion in a clean and orderly condition. The condition of the equipment, the length 
of the period of inter-maintenance work and the amount of repairs, all depend on the 
quality of the care given by the operator to the equipment. 

The attendant workers assigned by the repair service check the operator as to 
adherence to the rules for operating the equipment, They adjust the equipment and, 
on instruction by the production foreman, eliminate irregularities. The inter- 
maintenance servicing is performed at the production section of the shop by an atten- 
dant mechanic, oiler, saddler, and electrician. As a rule, operation of the equip- 
ment is not interrupted for this purpose; lunch breaks, re-setups of the equipment, 
etc.e, are utilized. 

The periodic maintenance operations include flushing of the equipment, change 
of oil in the crankcase systems, checking the equipment for accuracy, inspection of 
the equipment, and, finally, routine overhaul (minor, intermediate, and major). 

The periodic maintenance operations are performed by the maintenance mechanics 
according to a graph of the planned-preventive maintenance. 

The system of planned-preventive maintenance does not provide for out-of-plan 
repairs, due to accident or unsatisfactory operation of the equipment, nor does it 
include the major overhaul for modernization and reconstruction of equipment, which 
are handled under special assignments. a 


Units operating under conditions conducive to accumulation of dirt, are 


flushed; for instance, a machine tool processing cast iron or abrasives, and casting 


equipment, Such flushing is done in non-working time, and removal of the equipment 
from service for this purpose is not allowed. 
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The oil is changed according to a special graph covering all equipment with 
centralized and crankcase lubrication systems. This graph is coordinated with the 
annual plan of equipment maintenance, so that the inspection and planned repairs can 
be performed at the same time as the change of oil. 

The accuracy of precision machine tools and equipment and their conformity with 
the State standards and the specifications is checked by an inspector of the inspec- 
tion department, with the assistance of a maintenance mechanic during the time of 
maintenance, and between the planned maintenance operations, mainly in nonworking 
time. : 

Equipment is inspected between routine maintenance, according to a graph, by 
the attendant mechanics. During an inspection, worn parts are replaced and minor 
repairs are performed if the equipment cannot be operated without them, until the 
next scheduled maintenance date. An inspection is made, as a rule, in nonworking 
time. 

The flushing or scavenging of equipment and the verification of accuracy may be 
performed as independent maintenance operations, or may be included in the regular 
periodic maintenance. 

Minor overhaul is a form of planned maintenance of minimum extent in which, by 
replacement or restoration of a small number of worn parts (whose service life is 
not longer than the period between repairs) and by regulation of the mechanisms A 
normal operation of the unit until the next regular planned maintenance is secured. 
Minor maintenance operations, for the most part, do not involve idle time for the 
equipment. 

Intermediate overhaul is that form of planned maintenance in which, by replace- 
ment and restoration of worn parts and correction of the coordinates, the unit is 
restored to the accuracy, power, and productivity prescribed by the State standards 
or by the specifications (for special and specialized equipment), for the PGTAT 


until the next r 


termediate or major overhaul. 
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— Maior overhaul is a form of planned maintenance of maximum extent, which has 
the purpose of restoring the unit to its original condition, It includes complete 
disassembly, flushing, and reassembly of a unit, repair and replacement of parts 
Whose service life equals a complete maintenance cycle, scraping of the guides, reg- 
ulation and testing of the unit for accuracy, etc. Major overhaul is performed, if 


possible, without removing the machine from its foundation. 


Table 45 
Fitting Machine Other Total 
No. Maintenance Operations Work Work Work 
in Hrs 

1 Flushing, performed as a sep- 

arate operation 0.75 E = 0.75 
2 Checking for accuracy,performed| 0.4 - - 0.4, 

as a separate operation 
3 Inspection before major over- 2 0.5 - 205 

haul 
4 Inspection 1 0.5 - 1.5 
5 Periodic minor overhaul, in- 5 4 l 10 

cluding accuracy checks 
6 Periodic intermediate overhaul | 18 10 2 30 
7 Periodic major overhaul 36 20 4 54 


It is more economic for a plant to perform the scheduled major overhaul of the 
equipment in conjunction with its modernization or modification. 

Repairs done outside of the plan, due to failure of the equipment, are included 
in emergency repairs. The expenditures for this type of repair are a loss to the 
plant and are collected from the responsible party. 

Metal-cutting machine tools are modernised to give them new characteristics, 


for instance to increase the speed or power, to replace the hand control by auto- 


matia mentes nn ha 3 


sistanceto wear of the working surfaces of the 
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machine. 


Section 7. Ba St for P the Maintenance of Metal-Worki t 


The labor cost of maintenance operation depends on the form of maintenance and 
the complexity of the maintenance of the unit, which is determined by its design, 
technological features, and dimensions. 

The labor cost of maintenance work, the standards of consumption of the main 
lubricating and abrasive materials, and the standard time required for maintenance 
operations, are established per maintenance unit, denoted by r. Table 45 gives the 
Standard times for one maintenance unit. 

The degree of complexity of the maintenance of a unit, depending on its design 
and maintenance features, and denoted by R, is evaluated by category of complexity 
of maintenance, 

The category of complexity of maintenance indicates the expected number of nom- 
inal units of maintenance work required for the maintenance of the given machine 
tool. 

To evaluate the maintenance features of a given piece of equipment, the refer- 
ence unit is the screw-cutting lathe IDÓ2 with center height of 200 mm and center 
distance of 1000 nm. Class 10 maintenance complexity has been assigned to this 
standard reference unit of equipment - 10 R. 

The labor cost of the major overhaul of a unit of saa 1 of maintenance com- 
plexity (1R) equals one maintenance unit r. 

For scheduling the dates of performing maintenance work, standard Tables have 
been established for the duration of the inter-inspection and nter maintenance 
periods, and of the maintenance cycle (Table 46). 

The inter-inspection period tg is the period of operation of the equipment be- 
tween two regular periodic inspections, or between a regular planned nuum a 


an inspection, The duration of the period between inspections is established in 
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hours the equipment has operated and is calculated by the formula 


T 


t= 
Xp+yp+zp +1 


o 


where T is the duration of maintenance cycle, in machine hours operated; 
Xp is the number of intermediate maintenances in the cycle; 
Yp is the number of minor maintenances in the cycle; 


2, is the number of inspections in the cycle. 


Table 46 (Bib1.27) 


Duration of 


Coefficients Taking Cycle T Period 

Features Áccount of between 
of Inspec- 
Machines tions, 

to 
[^] 

LE & zi Š Es Eas n (2) 
EEE $ | 83 13 

ee | tg | PS ¡J89a ¡803 [88 | E | ss |ë 

29 | 83 $9 [goes eee jeg E [=p 5 

SE | 88 las [2888 |as] a [sh] 4 jaeja 

A. For Single-Shift Operation 
Normal 1.0 1.0 | 1.0 1.0 |26,000| 11,5| 2900 | 15.5 | 1450 | 7.5 
Pre- 

cision 1.0 0.8 | 0.8 1.0 |16,700| 7.5| 1850 9.5 900 | 4.5 


The inter-maintenance period t is the period of operation of the equipment be- 
tween two regular planned maintenances. The duration of the inter-maintenance per- 
iod is established in hours operated by the equipment and is calculated by the 
formula 

AER T 
Xp *yptl i 


The maintenance cycle of equipment is the period between two major overhauls 


t = 


of that equipment. The maintenance cycle is measured in machine-hours operated, and 
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Table 47 


Structure of Maintenance Cycles for Process Equipment 


enance Uperations a Cycle 


Number of Maintenance 
Operations in Cycle 


Designation of Sequence of Maintenance 
Equipment Operations 


Xp 
Metal-cutting machine 2 9 
tools weighing up to K—0—M¡—0O —- M;—0—C,— 
10 tons O—M3—0—M;,—60—C,—U— 
M,—O—M,—O—K 


Woodworking machine 
tools 


Forging machines, forging 2 3 12 
and stamping automatics, O—0—M,—0—0— 
hammers, friction C,—0—0—4A14,—0—0 - K 
presses 
Mechanical presses, K—0--0—0-—M,—0—0—0 T 27 
swaging presses, shears M,—0—0—0— 
and hydraulic presses C1—0—O0— 0—M,— C-—0— 
C—M,—O—U—O— 
C,— 0— C— O—M,—0—O0— 
O— M,—O0—O—O-—K 
Molding-sand preparing K—0—0-M,—0—0—c,—. 2 3 12 
and cleaning equipment, O—O—M,— 0—0— 
knockout screens, mold- C,— 0— O—M,— 0— O—K 
ing and core machines 


Casting molding con- K—0-0—0—M,—0—0-| 2 6 27 
veyors, machines for C—M,—0- 0—0— s 
pressure-casting, cen- C,—0—0—0—M,—0 - 0— 

trifugal casting machines C —M4—(O—-0—0— 

and belt conveyors C,—0—UC—0—M,—0—0— 


O—M,—0—0—0—K 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Maintenance Operations 


Designation of Sequence of Maintenance |ance Q 
Equipment Operations 7 


Materials-handling 
equipment (cranes, 
monorail dollies, and 
electric hoists) 


All forms of equipment | C—O —0—M|,- O—O—M;— 

of first, second, and |O -O—M,—O -O—M,—0—0 

third complexity class M,—O O—M,—0—0— Mi— 

of maintenance 0—0—M$—0—0—C 

Symbols used 

Capital repair; 
Intermediate maintenance; 
Minor maintenance; 
Inspection 


uou w a 


Table 48* 
Standards of Inter-Maintenance Servicing of Equipment per Operator per Shift 


Standards in Maintenance Units for 
the Following Categories of Workmen 


Filters o 


Designation of Equipment 


Metal-cutting machine tools 

Automatic and semi-automatic 
machine tools 

Casting 

Forging 

Pressing 

Woodworking 

Materials handling 


* In line production and mass production, the standards of daily servicing 


may be reduced by 15%. 
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depends on the type of equipment. All equipment is divided into eight groups. For 
each group of equipment its own maintenance cycle is established (Table 47). 


The standards of daily servicing of equipment in maintenance units per operator 


per shift are necessary for calculating the numbers of machinists, mechanics, oilers, 


and saddlers performing the inter-maintenance servicing (Table 48). 

The standard dead times of equipment for planned maintenance are calculated per 
nominal maintenance unit, and depend on the complexity class of maintenance of the 
equipment. The standards (in working days) for planned dead time of equipment for 
each unit of maintenance complexity, when the maintenance crew works in a single 
shift, are given in Table 49. 

On the basis of these standards, the volume of maintenance work and the required 
number of maintenance workmen are determined, and the annual plan of equipment main- 


tenance is prepared. 


Table 49 
Duration of Idle Time of Equipment during Maintenance 


Standard Idle Time Per 
Forms of Inspection and Maintenance Maintenance Unit, in 
Working Days 
Minor overhaul 
Intermediate overhaul 
Major overhaul 


Major overhaul of equipment in 
complexity class below 5 


1.85 - 2.10 


The procedure for reinbursement of the cost for current maintenance differs from 
that for major overhauls. The cost of current maintenance is written off in the same 
year in which it was incurred, being charged to overhead which is included assTAT:le- 


ment of production cost of the current year, while the cost for major overhauls is 
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. charged to the account of depreciation. 


Section B. Features of the System of Planned Preventive Maintenance of the Electric 
Part of the ipment 


No idle time of the equipment for minor and intermediate overhaul of the elec- 
tric part is planned, since this maintenance is done on the rest days and during 


intershift breaks. 


2 Table 50 


Designation of Equipment and Oper- Maintenance Period in Months 


ating Conditions 
Minor Intermediate Major 
Overhaul Overhaul Overhaul 
AC and DC electric motors operating 12 120 
in clean and dry premises 


AC and DC electric motors operating 
in metal-cold-working shops 
Open and protected operation h 8 120 
Closed operation 6 12 120 
AC and DC electric motors operating on 
machine tools processing cast iron and 
on polishing machines 
Open and protected operation 4 120 
Closed operation E 2 6 96 


—Ó E a NEP A 
Electric part of cranes and hoists in 3 60 
machine shops : 
Electric welding equipment for arc 
welding 

6 
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¡mr 
ES 
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E i 
| Electric panel boxes, switchboards and a 
H 120 


control boards 
lighting fixtures 
: The major overhaul cycle of the electric part of the equipment, as a rule, is 


shorter than that of the mechanical part. The maintenance of the electric part of 
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the equipment is performed at the same time as that of the mechanical part. For 

this reason, dead machine time for major overhaul of the electric equipment is like- 
wise not planned. However, restoration of the electric circuits after major overhaul 
as well as testing the circuits for proper operation delays the release of the equip- 
ment from major overhaul. For this reason, additional dead time of the equipment for 
reconditioning of its electric part is allowed to the extent of 50% of the standard 
time for intermediate overhaul of the electric part of the equipment. 

The periods of maintenance of the electric equipment are established for each 
form of maintenance, based on the ability of the equipment to operate normally during 
the period between repairs. 

The maintenance periods recommended below are calculated for two-shift opera- 
tion of the equipment. 

If the number of shifts is different, these periods are determined by miltiply- 
ing the periods shown in Table 50 by the corresponding factor, 0.6 for three shifts, 
or 1.4 for one shift. 

The duration of the inter-maintenance periods for three-shift and single-shift 
operation, so calculated, should be rounded out to 0.5 month, and the duration of 
the tycles to 0.5 year. 

The extent of' major overhaul of the electric part of a unit of maintenance comp- 
lexity class 1 is established per maintenance unit, rj. 

The following are the standard times, in hours, for Ge maintenance unit, by 


forms of maintenance and types of work: 


Form of Maintenance 


ENTRA 


Eu 


Minor 
Intermediate 7. 
Major * 16 
STAT 
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Section 9. Organization of the Iubricating System 


rication (for open and non-vital parts); drip and wick oilers, feeding oil auto- 


matically to the wearing surfaces; lubrication by grease guns, pressure-feeding the 


The service life of equipment and the quality of its operation depend largely Er 


lubricant; lubrication by spraying the working parts of the machine tool, The most 
on the quality and period of lubrication, 


economical method is the circulating lubrication system in which the oil is fed by a 


A correct organization of the lubricating system necessitates a rational selec- 


pump through oil lines to the points of friction, then passes through a filter and 
tion of the lubricants, establishment of the standard consumption for each model of 


; i cooler, and is recycled to the oil tank. 
equipment (preparation of lubrication charts), correct storage and laboratory qual- 


The points and conditions of lubrication of a mechanism are determined from a 
ity control of the newly received lubricants, utilization of: drained oil, and other 


3 i ; lubrication chart prepared for each model of equipment of a given type. 
measures, The lubricating system is organized in accordance with the make-up of the 


The lubrication chart contains a list of lubricants, the methods and conditions 
plant equipment and the conditions of its use. 


of lubrication, and the standard consumption of lubricants adopted for the given 


To establish the assortment and consumption standards for the lubricants, as 


model of e ent. 
well as to calculate the annual requirements of the enterprise for such materials ^ á quipm 


: osz The lubricant consumption ín the operation and maintenance of equipment com- 
the equipment is classified by forms and types demanding lubrication of one and the 


prises the consumption for lubricating the mechanisms and units of the machine tool, 


same composition. 


the consumption for filling the container systems, and the consumption for covering 


The selection of lubricant materials for each type of equipment is accomplished 


the mechanisms and lubricating the equipment delivered for maintenance. 
by the methods of the power and thermal tests of lubricants, and by the method of &y 


The standard consumption of oil corresponds to the minimum quantity of oil con- 
calculation. 


sumed, at which minimum power consumption and lowest operating temperature of the 


The method of power tests of lubricants consists in the determination of the 


NEN. ! wearing surfaces of the mechanism are obtained. 
minimum consumption of motive power for the starting moment and inertia starting of 


a machine when different oils are used under the same operating conditions. The 


Section 10. Planning, Dispatching, and Recording of Maintenance Work 


better the lubricant, the less will be the consumption of power for starting. 


Calculating the Labor Cost of Maintenance Work. To determine the amount of 
maintenance work, the chief machinist'!s department prepares a summary schedule of 


The method of thermal tests is based on measuring the operating temperature on 


a test surface of a mechanism lubricated with various lubricants; the best lubricant 


t equipment, showing all equipment by t roups of maintenance complexity 
results in the lowest temperature, the plant equipment, 8 qom y wpe, & , 


: 1 and number of shifts operated (used for two or three shifts). On multiplying the 
The computation method reduces to a determination of the viscosity of the oil 


A : total number of units of maintenance complexity of all equipment by the standard 
and its oxidation resistance. As a rule, lubricant materials are selected on the ee mp y ; 


: i f one unit of complexity, we obtain the total labor cost of the main- 
basis of All-Union State standards. time in hours of o onp vs 


tenance work and the labor cost of each form of inter-maintenance servicing. flush- 
To improve the properties of lubricant materials, various additives are used. STAT 


ing, accuracy check, inspection, and maintenance. 


The following methods are used in lubricating pieces of equipment: manual lub- C» 
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These original data allow the department of the chief machinist to prepare an 
annual pian of maintenance work and to calculate the amount of equipment and number 
of maintenance workmen that are necessary to fulfill it. 

The amount of equipment necessary to equip the maintenance bases of the plant 
is calculated by dividing the labor cost of the maintenance work by the annual avail- 
able working time per unit of equipment, For each group of equipnent required, this 
can be calculated from the formula | 


Tp 
N.= SR rd 
Emt, 


where N. is the number of machine tools; 


Tp is the annual labor cost of repair work in hours; : 


S is the number of shifts the equipment is operated; 
F m.t is the annual operating time of machine tool per shift, which is equal to 
[(365—52—6) gx (14 Kc); 
Ki is the plant coefficient of labor productivity increase of the machinist- 
maintenance men; 
Ko is the coefficient of idle time of equipment in connection with planned 
maintenance. 


The complement of attendant personnel including mechanics » Oilers, and saddlers, 


` needed for inter-maintenance servicing, is calculated by the time standard given in 


- Table 48. 


The number of servicemen necessary to perform the maintenance operations is 
calculated on the basis of the total labor cost of the maintenance work and of the 
planned working time of a single workman (Table 51). 

In caloulating the proposed number of attendant and maintenance personnel, 


account must be taken of the average coefficient of actual overfulfillment of the 


` Standards by this personnel and the planned coefficient of growth of labor productiv- 


ity. 


The complement of other maintenance workers including welders, painters, pipe- 
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fitters, riggers, furnace setters, is kept at a number not exceeding the total number 
of maintenance fitters and machinists necessary for maintenance operations of all 


forms. 


Table 51 


Forms of Maintenance and 
Maintenance Operations 


According 

to Plan 

According to 
to Plan 

Machinists 
According 
to Plan 
Workmen 


Man-Hours, 
Number of 


Number of 


Man-Hours, 
Number of 


Man-Hours, 
Number of 
Fitters 
Number of 


Number of 


Minor and intermediate main- | 109,523 45 
tenance, inspections, flush- 
ing and checking 
Major overhaul 28,800 16 
Fitting work not provided 13,832 5 
in the plan (10-15% of all 
forms of planned mainten- 
ance) 
6 


Machining work on spare 
parts (40-602 of time for 
machining work on all forms 
of maintenance) 


Total 55,064 


207,219 


152,155 


The operative planning of maintenance work consists in preparing the annual 
and monthly plans of maintenance of equipment for each shop and service, The dura- 
tion of inter-maintenance periods and cycles is established from the number of 
machine-hours actually operated by each unit of equipment. 

The annual operative-calendar graph of performance of the a opera- 
tions (the form of this graph is shown in Table 52) is made up by the department of 
the chief machinist for each shop separately. This graph takes account of the date 


of last maintenance of the equipment and, for newly installed equipment, STATiate 
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Table 53 
Monthly Plan of Periodic Maintenance 


Checks and Flushings of Equipment 


UoT4e1Iedg eoue rii g . 
-uequreW JO PUTY The basis for noting the performance of maintenance in the plan is the statement 
Prick dor E - of acceptance of a machine tool from maintenance. 


*oN £1oquaAu | : 
: Section 11. Organization of the Labor of Maintenance Workmen 


For 


403094 1JTUS 


Say ur *porrog 
9»ueuoquteu-194 


* of initial operation. In the graph, the dates for the maintenance operations are 
corrected to bring about their regular distribution over the months of the year. 
E SÁeg ur c D e The monthly plan of equipment maintenance (Table 53) is prepared by the office 
2 ‘owe L ƏTPI = 84U9Ulo49?4c 
E > £xeAT[eq JO *SO of planned-preventive maintenance of the department of the chief machinist, with the 
= 
u 
i “10M JUTY EN 2 399 Siue participation of the shop machinist. The monthly plan includes: work required by 
S ame 4 $ | uojo Ho» : : 
i £ H-U€eW Ur LES the annual graph, in the given month; work carried forward from the preceding month; 
T " b POULUIJUTEN work on the socialist obligations of the workman; and extracurricular work to an ex- 
" 8 [8 | sequeaon | 3 
| 5 5 5 AAN 3 4 - tent of 10 - 15% of the monthly plan. The monthly plan is agreed on with the shop 
pd 2 Noa s ps E & superintendent. In accordance with the monthly plan, the shop machinist issues the 
Pa a [fe secueiges g Br PouueLg i 
l: i E Ce 8 monthly assignments to the maintenance crews, taking account of the socialist obliga- 
E t Jeg Arap B | en 
li B lide z grin} — lemoy tions of the crew and the productivity of the labor of its members. 
MN Mirac ume | * | Es 
1 i E AB An] A ECE pəuwta The dispatching of maintenance work consists in accomplishing a control, accord- 
| | i A Segl — rrady | » T 5 ing to the monthly plan, of the timeliness of the performance of the designing, en- 
l| syl uomen | ERE 
d x pl Be E A E Ej Tengoy gineering and material preparation for forthcoming maintenance, for timely transfer 
d u A 
3 o Jand 4 
n x Soda, Axenuep A E of the machine tool to maintenance, and for performance of maintenance accor to 
2 & 
EE a| remi Dje 
Sog 
[^ 
| E 
o 
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| y) 
f 
' o 
: £i 
| à 
a quau. i 
-| 8 -diuby jo £1039499 (Əd£L) Tepoy | : 
"n 90UBUSJUTEN JO At aircraft plants, the assigned attendants who handle the inter-maintenance 
i, 3Ueld Xe1njo9jnueq servicing of equipment belong to a maintenance crew. The equipment of one or sever- 
4 : 
| d ; al departments of a shop is assigned to each crew, A definite number of machines is 
7 s Be assigned to each workman of a crew for responsible observation and daily lubrication. 
pl m S 
A : FE Es i During the current inter-maintenance servicing, the crew assigns mechanics for 
14 o H 
| = PE : attendant duty from among its members. The assigned mechanic, during the time not 
n. & 
| EF “ON i ' needed for performance of the duties of his assignment, performs maintenance work on 
ie 


i i) & assignment by the crew boss. The crew does all kinds of maintenance, RS ae PENN 
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sible for the condition of the equipment. The off-day and the mealtime breaks of 


the crew are staggered from the off-day and mealtime breaks of the shop, making it 


possible to use these periods for maintenance work. 


The work on cleaning, flushing, lubricating, stitching, and replacing of belts, 


and on checking the equipment, is specified by the technical orders. The performance 


of this work in time is governed by graphs, indicating the days on which the pre- 


ventive maintenance and repair of the machine tool is to be done. This allows the 


shop machinist, the foreman, and the production workmen to determine what work must 


be done on the equipment during the shift by the assigned maintenance workers. 


Maintenance is conducted in parallel-sequence by the individual units of the machine 


tools. 
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The unit and assemblies that are to be repaired are, as far as possible, re- 


placed by spares. The crew operates on abroad front. Each workman of the crew per- 


forms maintenance of a definite unit of the machine and is responsible for the qual- 


: ity of its maintenance. 


Maintenance is begun only when the crew is completely prepared. 


After testing, the crew boss delivers the repaired equipment to the inspector 


or controller of the chief machinistts department, who in turn delivers it to the 


senior foreman of- the shop, on a written statement. 


Section 12. Maintenance Base of the Enterprige 


To handle the maintenance of the factory buildings and structures, a 


maintenance-construction shop is organized at the enterprise under the administra- 


tion of major construction; for maintenance of the power equipment at the enterprise 


an electric maintenance shop is organized; for maintenance of all other equipment, 


a maintenance machine shop, under the chief machinist is established, in the shops, 


machine maintenance workshops under .the shop machinists are organized. 


The ti 


tenance machine shop include modernization, major 
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overhaul, and installation of equipment according to the plan of the chief machin- 


ist's department; fabrication of nonstandard equipment, replacement and spare parts; 


Table 54 


Number of Physical Units of Equip- 


Complexity ment at Plant 

Class of 

Maintenance | 200400] 600 800| 1000] 1500 2000| 2500] 2000 
of Plant 


Metal-Cutting Equipment of Maintenance 

Machine Shop and Maintenance Machine 

Bases, in % of Number of Pieces of Equip- 
ment Installed at the Plant 


5.9| 5.5| 5.0| 4.4] 3.8| 3.3] 3.0 
7.26.7] 6.2| 5.3| Lh.7| 4.2| 3.9 


Equipment 
(Average 


pc 6.015.3|4.9|4.5| Lel] 3.6| 3.2) 2.7| - 
8 om 10 7.5 6.7 6.1 5.6 5.1 kel 4.0 3.6 ma 
Table 55 


In $ of 
Total 
Equipment 
of Shop 


Lathe and turret Milling 7-9 
lath 
i b Shavi - 8 
Vertical e or ing aving 7 
Boring Grooving 2-3 
Vertical Drilling Grinding 10 - 12 
Radial Drilling Threading 6-7 


and mandrels for profile grinding is done for the maintenance machine shop by the 


tool shop. 


The quantity of equipment of the maintenance machine shop depends (STAT» number 


of pieces of equipment in the plant. The ratio of the equipment of the maintenance 


Other (Special) L-3 


repairing parts or units of equipment that cannot be repaired by the workshop of 


the shop machinist. The precision work, for instance, of fabricating end supports 


STAT 
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machine shop to the entire equipment of the plant, as adopted at aircraft construc- 


tion enterprises is shown in Table 5%. 


Table 55 gives the average percentage of the various types of machine-tool 
equipment in the maintenance machine shops of aircraft construction plants. 

In addition to the basic equipment enumerated in the Table, there are also cen- 
tering, Jig saws, tool-grinding machines, and disk saws. 

The area necessary for a machine tool is calculated from the average standard 
of 12 - 18 m? per machine. The area necessary řor the fitting section is taken as 
40% of the area occupied by the machine (6 - 8 m? per fitter). 

An area equal to 25$ of the area of the fitting and assembly section is set 
aside for disassembly and flushing of the equipment. For the spare-parts stockroom, 
an area of 0,01 ~ 0,03 m? per maintenance unit is allotted. The layout of the de- 
partments of the maintenance shop follows the process and product process plans. 

The workshop of the shop machinist and the maintenance crews under him handle 
the inter-maintenance servicing, inspections, flushings , and accuracy checks of 
equipment, perform the minor and intermediate overhaul, fabricate simple replacement 
parts and, under the instructions of the chief machinist, perform the part of work 
of major overhaul of equipment that can be done by the means available in the main- 
tenance workshop of the shop. The equipment of the maintenance workshop constitutes 


 - 3.5% of the equipment of the shop itself. 


Section 13. Principal Methods of Increasing the Effectiveness of the Maintenance 
System and of Improving the Economic Indices of Its Work 


The cost of equipment amounts to 24 - 38% of the total fixed assets of an air- 
craft construction plant. The expense of maintenance and repair of the equipment 
constitutes a considerable part of the production cost of the product and, together 
with the depreciation deductions, amounts to 11 - 12% of the shop expenditure at 


machine-building plants. Annually, 11 - 12% of the process equipment is subjected 
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to major overhaul, 20 - 25% to intermediate overhaul, and 90 - 100% to minor overhaul. 


To decrease the idle time of equipment and the cost of maintenance work, the effect- 
iveness of the work of the maintenance system must be increased. 

The principal ways of increasing the effectiveness of the work of the mainten- 
ance system is to improve the technology and organization of maintenance work; to 
increase the productivity of labor of the maintenance men; to economize auxiliary 
materials, spare parts, and replacement parts; to lengthen the inter-maintenance 
periods of trouble-free operation of the equipment; to organize the maintenance sys- 
tem on the basis of independent unsubsidized work and observance of a regime of econ- 
omy; to establish, in the economic regions, shops and plants specialized in fabri- 
cating spare parts and units for machine tools and in handling the major overhaul of 
machine tools. 

The improvement in the technology of maintenance work is developing along the 
line of typifying the maintenance operations and standardizing the machine-tool 
equipment, along the lines of combined mechanization of maintenance work and wide 
application of methods of rebuilding and restoring technology, along the lines of 
standardization and unification of replacement and spare parts of the equipment. 

It is of great importance to use methods of unit and sequence-unit maintenance, 
replacing the repaired units by spare units, to do all the preparatory work before 
the beginning of the maintenance operation, and to organize the maintenance opera- 
tions on & wide front, to train the operators in repairing certain units of the 
equipment themselves, to establish a normal and constant stock of replacement and 
Spare parts of the equipment at the plant itself. Utilization of ready-made paris 
and units in the repair of equipment considerably shortens the maintenance cycle. 

Economy of auxiliary materials, spare parts, and replacement parts is achieved 
by the repeated use of parts removed, after restoring or rebuilding them to the next 
repair size, and the regeneration of used oil and abrasive materials. Te Len YR 


inspection of eauinment allows detection of worn surfaces of parts, at a stage when 


533 STAT 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Po 

| -rebuilding is still possible, l 

i The- quality of work of the maintenance system is determined by the following | 

d economic indices: percent of idle time of equipment, consumption of auxiliary mater- 6 © 

| i ials per unit of equipment, labor cost and production cost of each form of mainten- 

| ance and repair. 

l 

] | CHAPTER XV 

r : ORGANIZATION OF THE MATERIAL-TECHNICAL SUPPLY AND TRANSPORT 
| 2 SYSTEM 


O0 izati f the Material-Technical Su 


The material-technical supply of industrial enterprises is the process of the 
planned supply of the enterprises with raw materials, other materials, subcontracted 
semifinished goods, and component finished articles. 

The planned and regular supply of the enterprise with materials, semifinished 
goods, and component finished articles plays a vital role in ensuring an uninter- 


rupted flow of the productive process in the shops of the plant, and permits organ- 


ization of rhythmic output. The establishment of economically desirable stockpiles 
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of materials in the stockrooms releases working capital. The rational layout of 


materials and the observance of a regime of economy in their use reduces the produc- 


tion cost. 


In large enterprises, with & large list of incoming deliveries, a department .of 


cuia ento etes 
"e - 


material-technical supply (OMTS) is established which manages the supply of the pro- 


duction line with primary and auxiliary materials, and a department of subcontracting 
production and cooperation (OSPK) which handles the supply of the production line 


with semifinished goods and finished articles. Each of these departments has a net- 


A wt Yn pia cate 


work of specialized stockrooms, equipped in accordance with the conditions: for stor- 


DRM 


Fesser 


. STAT 
ing and transporting the goods. For utilization of production scrap, shops or work- 


shops for salvage of waste products and regeneration are established, 
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The primary task of the service of material-technical supply is the uninter- 


rupted fulfillment of the plan of material-technical supply in all of its indices and 
the efficient organization of the stockroom work, securing preservation of the mater- 
ials in good order and the timely and complete supply of the shops and services of 
the plant with such material. 

The duties of the service of material-technical supplies includes the following: 

1) Classification and indexing of materials and semifinished goods; 

2) Planning the requirements of the plant for materials, semifinished goods 
and finished articles, and standardization of the store inventories; 

3) Placing orders, execution and carrying out contracts for delivery, and 
arranging for timely transportation of materials to the plant; 

A4) Limiting the volume of materials, semifinished goods and finished articles 
delivered to the shops and services, and exercising control over their 
consumption; 

5) Organizing the work of the material stockrooms. 


Section l. sificatio Indexi of Materi 


The list of materials and semifinished goods used at aircraft enterprises, in- 
cludes thousands of items, therefore, their classification and indexing is a first- 
priority measure in organizing the material-technical supply. 

All materials used by the enterprise are divided, according to their relation 
to primary production, into primary and auxiliary. 

Primary materials include metal in the form of sheet, profiles, rods, tubes 
and wire, textiles, plastics, wood, rubber,asbestos, and other materials from which 
the finished (commodity) product of the enterprise is manufactured. The auxiliary 
materials include those which are used in production for processing and housekeeping 
purposes and, as Karl Marx puts it, "do not enter materially into the product itself", 


used for process purposes include: 


( 
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&) The materials from which the tooling is fabricated; oils and sands used 
to fabricate cores; sand for casting boxes; 

b) Materials which participate in the manufacturing process; gas for welding, 
compressed air for riveting, etc.; 

c) Materials for maintenance, lubrication and cooling of equipment, 

The auxiliary materials that go for routine plant operation include fuel for 
heating, water for housekeeping needs, etc. 

Besides the primary materials, semifinished goods and component finished ar- 
ticles are used in the manufacture of aircraft. 

Semifinished goods are products in the form of castings, forgings, and stamp- 
ings delivered by other enterprises as subcontractors. 

The list of component finished articles is very extensive — standard parts of 
metal, plastics, rubber, and other materials; various instruments, installations and 
assemblies (wheels, propellers, engines). 

In the classification of materials, the attributes "primary" and "auxiliary! 
are not taken into consideration, since one and the same material (for instance, 
piping or wires) according to its purpose and use, may be either primary or auxiliary. 
In the classification of materials, their kind, type, dimensions, and other distinc- 
tive features are taken into account, On the basis of these features, all materials 
and semifinished goods required by the plant are divided into groups, subgroups, and 
types, down to the standard size, and each subdivision is then designated (coded) 
by the corresponding index. 

The index contains an exhaustive characterization of each type-dimension of 
the material and makes it impossible to confuse different materials. For instance, 
under the decimal system, the index 1.514.101 will denote: the first digit (1) the 
division, in this case ferrous metals; the second digit (5), a group of this divi- 


sion (steel, structural, sheet); the third digit (1), a subgroup of this ETAT 


ia © (heavy ga : ourth digit (4), the type of material (high- 
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J i The supplier plant prepares a draft contract and requisition for the materials, 
grade); the last three digits (1) the brand and gauge of steel. . 


En 
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and sends it to the purchasing plant for signature. 


© The contract is the basis of work on the procurement of materials, and obli- 


Section 2. Material Stockpiling and Its Realization e 


gates both parties, at the proper time and in the proper manner, to perform the con- 


According to the method of their distribution, materials are divided into stock- . 
ditions of delivery and settlement, and to bear material responsibility for any 


piled, centralized planned, decentralized planned, and self-procured. . . 
violations. A detailed schedule of the product items, indicating the specifications 


Stockpiled products include any material of vital importance to the national 
and ship ment dates, is annexed to the contract. The delivery dates for the mater- 


economy, whose distribution plans are set up by the Gosplan USSR. The overwhelming . 
ials are established for each item of material, semifinished goods or finished ar- 


'majority of the materials going into aircraft manufacture are stockpiled products. 3 
ticles, taking into account the economically expedient size of the shipment, the 


Centralized planned products include the materials whose distribution plan is . 
limits of working capital, the use of transportation, the conditions of production 


prepared and approved directly by the Council of National Economy of the economic 
of the materials by the supplier enterprises, and the transit standards. 


region producing them. E 
In the process of procurement work, the supply departments prepare and realize 


Decentralized planned products include materials mainly produced by local in- ial 
the quarterly plans of procurement and the monthly plans of shipment of materials. 


dustry and cooperative organizations (lime, brick). The distribution of such pro- 
The quarterly plan of procurement permits determining conformity of the amount 


ducts is handled by the District Executive Committee or other local planning author- 


ities. 2 


Self-procured products include materials and fuel whose extraction and produc- j 


of stocks alloted with the amount of material to be procured under the production- 


TEASEE EEEE 


EASAN IU ATR Ral EE 


start program, It also permits detailing the contract provisions as to schedules 


for type of material, quantities, and time of delivery, allowing for the build-up, 


tion is organized by the enterprise itself on the forest domains, peat bogs, and l l 
: ' i to normal level, of the plant inventory of individual kinds and type-dimensions of 


quarries assigned to it. l | 
| The department of material-technical supply submits its quarterly plan 


materials. 


A das te 


The Council of National Economy advises the plant of the stocks assigned to it l em 
of procurement to the administration of supply and marketing of the Council of. 


dea 


ARAS MAIER 


for the year and quarters, indicating the supplier plants and the supply bases. The 
National Economy in good time, before the beginning of the quarter. 


department of material-technical su collates the stocks assigned with the re- a 
p i pply ` i of delivery to the plant of materials, semifinished 


The monthly operative plan 


quisitions. The stock notice is then delivered for registration and record to the Serge icu 


goods and finished articles is prepared by the procurement group 


dos 


planning group, from where it goes to the procurement group.for drafting a detailed 


mn 


rape COE 


of material-technical supply and the department of subcontracting and cooperation, 


-. requisition and for realizing the assigned stock. The procu t f the d iy 
SUM ES zi p ey ee le: eee To ensure completeness of assortment and unin- 


on the basis of the quarterly plan. 


fem 


partment of material-tecmical supply, through the administration of supply and the advanced enterprises 


terrupted supply of materials to the production line, 
deliveries to the plant with the sup- 


ieee 


marketing of the Council of National Economy or directly, send orders to the supplier 
| | ' coordinate their operative-calendar graphs of 


plants indicating the specifications, quantities, and dates of delivery of the mater- ST AT 


, ials. de, . . 
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On the basis of the monthly plan of incoming shipments, the procurement groups, | 


the planning and dispatching office of the department of material-technical supply, e 


and the department of subcontractors and cooperation establish an operative control | 


over the arrival of goods according to graph. 


Section 3. Standardization and Calculation of Stockroom Inventories 


To maintain an uninterrupted flow of production, the normal inventory must be 
calculated. The planned (directive) standards for material inventories determine, 
by individual groups of materials, the average amount of the inventories to be held 
at the stores of the enterprise during the planned period. 

The standard of working assets for each type of material values is determined 
in physical units and by value, is composed of the sum of: 

1) Average value of the current supply at the stockrooms of the department of 
supply Sp ede (this supply is intended for daily consumption for the production 
needs); 

2) Amount of emergency reserves at the stockrooms of the supply department Som 
(this reserve is to prevent interruption of production as a result of all possible 
unforeseen disturbances of supply); 

3) Amount of the supplies en route from the suppliers, S gute" 

The current supply of materials is constantly being consumed by production and 
is regularly replenished by the' regular deliveries of materials. The amount of the 
current supply varies from the maximum, at the instant of arrival of a regular lot 
of materials, to the minimum, immediately before the arrival of a new lot of mater- | 
lals (Fig.112). For this reason, the working capital for the formation of the cur- `. | 


rent supplies of materials is not disbursed by the enterprise on the basis of the 


dai aaa anm 


maximum amount of the supply but on the basis of its average amount. The average 
amount of the current supplies is determined by the length of the period of time 


in 
(in days) between two regular deliveries T ; the length of the period of time (in E; E Y 
d S ok 


o 
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days) between two successive issues Ti; the average requirements of material val- 
ues M, d? and the length of the necessary lead (in days) of the delivery with respect 


to the next issue of a lot of production Ti ead? i.e., 


Ta — T; 
Seer d 2 T Faa) M, a. 


Under the conditions of steady production and at uniform consumption of material 
over the course of the entire planned per- 
iod, the value of the average daily con- 
sumption is determined by dividing the 
total amount of material to be consumed 
according to plan (production estimate) 

for the entire planned period, by the num- 


ber of days in this period. To simplify 


the calculations, the number of days in the 
Fig.112 - Graph of Calculation of 
planned year is taken as 360 and in the 
Material Supplies 
planned month as 30. 
With increasing volume of production, the value of the average daily consumption 
is determined from the last month of the planned period. 

The emergency reserve is calculated, taking account of the deviations from the 
average frequency of deliveries, owing to delays in shipment and transportation of 
goods; of deviations in the assortment of the deliveries from the monthly work 
orders; over-plan consumption as a result of unforeseen disturbances of the normal 
flow of production (design modifications) and other events disturbing the rhythm of 
deliveries. 

The supply built up for each of these reasons must be expressed in days and 
may be approximately calculated by the formula 

Sem = T.M,u 
STAT 


where Sem is the emergency reserve or supply of the material, in tons; 


Tt is the period of replenishment of the supply of materials in days, includ- 
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ing the time for preparation and shipment of the material, its transporta- with the supplier; on the average it is 17 days. 


tion, and its preparation for issue, According to the rules of the State Bank, the time for payment of an account 


The supply of materials in transit is calculated taking account of the time of e is composed of 


transportation of the material from the Supplier to its arrival at the store, and 


the time for payment of the account and the receipt of the credit from the State PEELE MG Ce rate blo SONT 
Bank. The transit time of the Ecods from the place of shipment to the entrance point LLL M ARS 
of the railroad siding is determined by the standards indicated in the rules and regu- xA DC LE ds 


í Total 12d 
lations of the Railroad Transportation Code, "S 


Example of Computing the Stockroom Supplies. Program of output, 1000 articles 


per year. Consumption of sheet duralumin according to standard, 6000 kg per article. 


Consequently, the supply of material in transit should be such as to ensure the 


operation of the enterprise during the period 


Conditions of delivery, 2 - 3 times a month; conditions of use, once every two days. 


l S = 17 - 12 = 5 days 
Consequently, Ti = 2 days, while the average period of delivery Ta must be a multiple rare i 


of the period of issue, within the limits of the delivery conditions, i.e., on the Then the total amount of the supplies of sheet duralumin will be sufficient for 


average every (10 + 15) : 2 = 12,5 days. For convenience of calculation let us | the work of the enterprise during the period: 


assume 12 days. In this case, the possible deviation in the time of delivery will 


- * 
be 15 days - 12 days = 3 days. O 3 É : : 


tot T mean * Pen: route 


e 


=8+3+5= 16 days 
To prepare a batch of materials for issue to the shops (acceptance, unpacking, Let us calculate the amount of stock of duralumin in physical units » according 


and marking) takes 3 days. to the program 


Then the amount of the current supply, under the conditions assumed, must assure 


Mr = 6000 kg * 1000 articles = 6 million kg = 6000 tons 


the needs of the plant for materials over the course of R 


Ty —T: 12—2 The average daily consumption of duralumin will amount to 
TRE 2 : Thu . +t3= 8 working days i 


FII mamanta Tn A rE ST aar r a JU 


6000 
Ma. d= zgo 16,7 m. 


The necessary standard stock of duralumin in physical units is equal to 


The size of the emergency reserve is taken as equal to the possible deviation 
in the delivery periods and cannot be greater than the interval between two success- 


ive deliveries. 'In this example, the emergency reserve is taken as minimum: S ot = 16 days * 16.7 tons = 267.2 tons 


Sem ^ 15 - 12 = days (i.e., a three-day reserve) Section 4. t the Issue of Materials to Production do ization of t 


i Control over Its Use STAT 

The time spent by a material batch in transit is established from the contract | “a 
e i e The limitation of the release of materials, purchased semifinished goods and 
STAT 
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component finished articles, does not allow the formation of excessive and incomplete 


inventories at the Stockrooms. The limits of issue of materials to production are 


established by the department of material-technical supply on the basis of progress- 
ive norms of material consumption and of the program of production starts, taking 


account of the supplies of materials unconsumed by the shops and services, at the 


beginning of the planned month. 


The limits are established for permanent, Series, single, and outside-plan 


orders separately, for each kind of material, 


For permanent orders, the limits are established for the month. For a series 


order, the limit is established over the period of validity of the order, For single 


orders, the limit is issued separately for each order. The limits are calculated 


either for each part or unit, or consolidated, according to the number of planned 


articles, 


On the basis of inventory schedules and the data of the planning department, 


on the finally approved monthly programs of the shops, the supply agencies reduce 


or increase the original limits of issue of materials. 


The issue of materials pursuant to a limit is handled on limit cards or on a 


set schedule of the shop. The individual limit cards are made out for a period of 


one month in two copies for each kind (grade, mark, profile, and size) of material. 


_ One copy of the card file is kept at the stockroom, and the other copy of the card 


file is forwarded to the responsible person at the shop. The-limit cards and sched- 


ules are recorded in a roster. Materials may be issued outside the plan in the case 


of additional issues to rework rejected parts, to replace materiai by type, kind and 
, 


marks, or to cover overconsumption. 


At the end of the month, the stockrooms and shops reconcile the limit cards 


and, after mutual verification, deliver them to the materials accounting office 


The record :and control over ‘the consumption of material in production is handled 


by the lot method, or by the method of monthly inventories, 
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With the former method, each lot is checked to establish the causes and persons 
2 guilty of deviations at each work station. This method of control covers high- 


priority and high-cost materials and to everyday materials ineluding nonferrous 


metals, organic glass, fabrics, leather, etc. 
The second method of control consists in comparing the actual consumption of 
material with the consumption calculated by the standards for the entire month. With 


this method, the balance of materials not consumed by the shop at the beginning of 


| 
| 
| 
| 


the following month is inventoried monthly at each shop. The balance of unconsumed 


materials is transferred by the accounting office from the production account to the 


~ 


account of material in stock. 


Section 5. Forms of Stockrooms and Their Equipment 


Forms of Storage Facilities (Bibl.28). An aircraft construction plant has a 


Wide network of various universal and specialized stockrooms which may be divided 


into material stockrooms (raw materials, primary and auxiliary materials, purchased 


© 


articles), fuel dumps, (coal, charcoal, peat, cylinders filled with gases, calcium 


carbide), warehouses for semifinished goods produced by the plant, stockrooms for 


equipment and tools, warehouses for finished product, and dumps for.scrap and sal- 


vage. 


Depending on the properties of the materials or articles, they may be stored in 


the open, under cover, in closed unheated or heated rooms. 


The following forms of open storage facilities exist: 


a) An open area with a 1 — 1.5% pitch toward the water collection; such an 


area is generally used for storage of cast iron, metal Scrap, rails, 


beams, large profiles, cast-iron and steel pipe of large diameter, heavy 


steel plates; 


b) A scaffolding, consisting of a flooring of boards or timber or baro/Al, 


~y was 


© 


which lumber, pipes, heavy articles, and materials in containers are 


STAT 


545 


“floor. 


placed; 

A bunker, i.e., an enclosure of 0.5 - 1.5 m height made of boards, timber, 
or other materials for piling heaps of peat, coal, sand, and other bulk 
materials; 

d) A bin, i.e., a storage area surrounded on all sides or on three sides by 
fixed or removable walls 1.0 - 2.5 m, or more. high and intended for free- 
flowing or heapable goods, metal scrap, molding sand and other materials 
not affected by weathering; 

e) A bulkhead up to 2 m high, set up along an unloading area for dumping 
free-flowing materials, sand, coal, etc., and allowing an increase in the 
height of the pile; | 

f) A stockade, a railroad track or truck road for facilitating the unloading 
operations and for receiving large-volume piles of unloaded free~flowing 
materials. 

Sheds consist of a roof supported by posts and may have a floor at ground level 
or at a height of 0.9 - l.l m. Sheds are used for storing materials needing protec- 
tion only from rain. 

Covered storage facilities (Fig.113) are set up at ground level or with a raised 
They may be single-or multistory, unheated or heated. 

Covered unheated storage places are used for storage of housekeeping equipment, 
high-grade steels, metal articles, medium and small water-gas fittings, small cer- 
amics, spare equipment, and fire-fighting apparatus. 

Sovered heated storage places are used for Storing materials requiring a DN 
stant even temperature, for instance, electric materials, tools, nonferrous metals , 
precious metals, finished goods, valuable equipment, or special work clothes. 

À basement or darkened room is used for storing leather, rubber, chemicals, 
paints and oils and similar materials. 


Cellar and basement stores erected as separate buildings, are generally used 


546 
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for storing inflammable substances. 


Ramps and Chutes. 
of 1.5 - 2 m width are usually built on the two longitudinal sides » protected by a 


Alongside covered stores, loading and unloading areas (ramps) 


sheet-metal overhang. In stores with a raised floor, slides (chutes) with a grade 


of 0.07 - 0.09 (4 - 5°) are built for bringing hand trucks to the platform. 


mum. 


er thie 


exp 
LJ 
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D 


Fig.113 - Roofed Shed for Finished Product . 


&) Section through I-I 


Passages and Aisles. Each storage facility should have transverse through- 
passages of the width of the doors, spaced at 20 - 30 m. Inside, along the length 
of the store and according to its width, several aisles 2.5 - 3 m wide are provided, 


designed for movement in both directions. The width of the aisles between ts AL ks, 
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bins, and piles is 0.6 - 0.9 m and, if flat hand carts are used, 1.1 - 1.2 m. 
j STAT 
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The choice of the type of storage facility, its location, its inside equipment, 
and layout, depend on the kind of materials and the conditions of their storage. In 
selecting a location for a store, the direction of the flow of goods on the plant 
grounds is taken into account and efforts are made to erect the storage facility 
close to the shops that are working with the materials kept in the store; in addition 
the fire hazard of the store for the production area is taken into account. 


The area of a store comprises the following components: 
A A 


where F,; is the total area of the store; 
F is the receiving and sorting area; 
Fiss is the issue area for materiais prepared for issue to the consumer shops; 
Fioad is the loading area for storage of the supply; 
Fp.a is the area for passages and aisles in the store and for moving the loads 
by materials-handling mechanisms; 
Fg is the area for service personnel rooms; 
Fr is the reserve area for expansion of store; 
For is the area of procurement department. 
In calculating the area of a warehouse, the sum of the maximum current and 
emergency supplies of materials is used as computation basis. 
The receiving and sorting area has zones for Unloading, unpacking, temporary 
storage and processing of incoming shipments. 
The goods area is designed for maximum supply of each kind and size of material, 
The calculation is made by the methods of loading, volume measurements, or theoreti- 
cal stacking. 
In the method of loading, the size of the useful area is calculated by divid- 
ing the weight standard of the supply by the allowable floor load in tons/m*, using 
the formula 
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load qh 


where Q is the quantity of materials to be stored; 
q is the average design load, i.e., specific weight of material in storage, 
in tons/m? ; 
h is the assumed height of pile; 
A is the coefficient of utilization of the area, equal for pile storage 
to 0.65, and for storage in. racks to 0.3 - Och. 

In the method of volume measurements, the size of the necessary area is estab- 
lished according to the standard weight of the supply, the specific weight and the 
bulk factor of the cubage of the storage places, This method is applicable to 
materials stored without containers, for piece articles, and for free-flowing and 
lump materials. 

In the method of theoretical stacking, the articles or materials are theoreti- 
cally stacked in racks or piles; on this basis, first the required number of racks 
and piles is determined and then the required useful area. 

The required number of racks in a store is calculated by the formula 


Comp; 
Compo 


Cr = 


where or is the number of racks; 
Comp, is the required number of compartments (a compartment for each kind and 
size); 
Comp, is the number of compartments in one rack. 
The number of bunkers or compartments for each type-dimension of material is 
calculated by the formula | ' 
Smax 


E STAT 
terials of a given type-dimension to be stored; 


Comp, = 


where S... is the 
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E is the capacity of one compartment of the rack, or of one bunker. height of universal racks runs up to 2.5 m, and in high rooms, where ladders or 


The total goods area will be equal to the sum of the areas occupied by all forms stands are used, 3 - 3.5 m. It is expedient to build composite racks in separate 


of racks, bunkers, and materials stored in piles. sections. 

Ihe area for the aisles to the racks and piles and for the cross passages is 
established as a result of an exact planning of the storage facility. The size of 
the area for the office and personnel rooms depends on the number of workers in the 
warehouse (the standard is 4.5 m? per worker), The reserve area for expansion of 
the storage facility is taken as 15 - 20% of the goods area. 

Equipment of the Warehouse. For mechanization of the loading and unloading 
work, warehouses are equipped with bridge cranes, jibs, monorails and telphers, and 
conveyors (Fig.114), autocars and electric cars, automatic hoists and elevators, if 


the store has several floors. 


To mechanize the loading and unloading from railroad sidings and trucking facil- 


ities, the communication routes are placed in the zone of operation of the crane, 


The work of washing, drying, lubricating, and marking sheets is mechanized at the 


Fig.l; - Conveyor Equipment of Warehouse 


warehouses, together with the work of transporting and dumping the materials in 


piles, bins, and racks, of loading materials into a car or machine; in the shops, Sheet material is stored on wooden bracket-shelf racks, and on support stands 


the delivery of material to the work station is also mechanized. If the warehouse (Fig.115). Sheets, if their weight is over 10 tons, are stored in piles 1.5 m high. 


‘also performs the operations of. sheet-metal layout, these operations are likewise For storage of steel rods and tubes (with a supply of over 3 tons) , braces and 


‘mechanized. racks with vertical posts are used, which are convenient for mechanized piling 


The warehouse is equipped with racks, cribs, and other facilities for storing (Fig.116). Steel rods and pipes, if the stock does not exceed 3 tons, are stored in 
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materials. This is very important for the preservation of the stored materials j bracket racks, and wire in shelf-compartment racks. 


the convenience of their piling and the more complete utilization of the area and The lighting of a warehouse may be natural or artificial. Natural lighting is 
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cubage of the warehouse premises, 


defined by the coefficient of natural illumination. Artificial lighting of stores 


ous 


mae, 
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The design and dimensions of the racks must correspond to the kind and shape of is measured in lux per m^, 


EANTA 


the material stored. According to purpose, racks are universal (shelf-compartment, Fire Safety. A warehouse must be equipped with fire-fighting apparatus. On 


box, and rack-closet) and special (for metals and tools). The racks are made of 


the outside, alongside of the warehouse, hydrants connected with the water SYSTAT 
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are installed. Inside the wareho internal fire cocks are provided. Liquid and 


metal or wood (moisture content not over 18%) or are of mixed construction. The O 
] 


> 
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Fig.116 - Racks for Storage of Rods and Tubes 
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carbon dioxide fire extinguishers are provided in the warehouse. Special locations 
are also reserved for other forms of fire-fighting equipment, sand boxes and shovels. 
To communicate with the plant fire-fighting force, electric fire alarms must be in- 
stalled in the warehouse. On the premises of the warehouse, strict fire-protection 
rules are enforced, and systematic control over proper functioning of the fire- 


fighting equipment is practiced. All warehouse Workers must participate in compul- 
sory fire drills. 


Section 6. Warehouse Operation and Procedure for Their Performance 


The principal operations of a store are as follows: inspection and acceptance 
of materials arriving at the store, preparation of materials for storage, and assign- 
ment of their location, storage of materials, inspection and anticorrosive treatment 
of materials, preparation of materials for issue to the shops, issue of materials 
from the store, and recording of arrival and consumption of materials. 

Inspection and Acceptance. All materials, semifinished goods and component 
finished articles that arrive at the plant from outside are subject to checking, and 
cannot be accepted nor issued to the shops without authorization by the inspection 
service, Inspection is necessary to establish the conformity of the quality and 
quantity of the materials delivered to the store with the quality and quantity indi- 
cated in the accompanying documents, If the materials or finished articles shipped 
by the supplier do not correspond to the conditions of the contract, the plant has 
the right to refuse to pay the draft. In that case, the department of material- 
technical supply is obligated to accept such incoming goods for bailment until re~ 
ceipt of additional instructions from the supplier. 

In case of poor condition or damage to the tare of the goods received and also 
in case of a shortage of the shipment indicated in the railroad receipt, a EE 
statement is drawn for presentation of a claim to the railroad or the supplierSTAT 


Before unpacking, certain materials such as nonferrous metals are held in an 


STAT 
553 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


PA ZEE Far rr ICE UY nia SR ELITE VRT 


ee ES Up LS 


Ta eho te k 


A 
Hi 


auxiliary room until they assume the ambient temperature of the main room. 
ing of the supplier plant is then removed from the incoming material which latter is 
laid out by marks and sizes and prepared for examination and inspection. On inspec- 
tion, an ema examination and a check of the geometric dimensions are made, and 
samples are taken and analyzed. The conditioning of the materials is checked by the 
laboratory to the extent prescribed by the standards or specifications in force for 
the given kind of material, 

Every arrival of material is formalized by a statement of acceptance, which re- 
flects the results of the acceptance, the quantity, weight, and results of the tests 
and analysis. An accepted lot of products is marked and stamped by the inspector 
in accordance with the instructions of the inspection department. A statement of 
claim is prepared for a product that does not meet the specifications. 

Preparation for Storage. 


for storage in the stockroom. 


Metals showing no traces of corrosion are accepted: 
Before sending the material to the place of storage, 
it is prepared for storage. For instance, sheets of duraluminum are wiped dry, 
marked, and pasted over with paper on one side. 

. The storage of materials must ensure preservation of their quality and quantity. 
The conditions of storage of the materials and semifinished goods going into the 
manufacture of aircraft are determined by the instructions. All forms of nonferrous 
metals, as well as fittings, are stored in heated buildings. To protect them from 
rust,. the threads of bolts, nuts, wood screws, end caps, fittings, sleeves, elbows, 
tees, nipples, and branch pipes are greased with technical vaseline or other lubri- 
cants. 

One important factor for determining the normal conditions of storage is the 
protection of metals from the effect of moisture. Many materials must be stored at 
a definite temperature and atmospheric humidity. The means for reducing the humidity 
are regulation of temperature » ventilation, and airing the Storage rooms, The rela- 
tive humidity of the air is determined from the difference of the readings of the 
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Assman psychrometer. The condition of the air in the storage room is checked twice 
a day. Metals in storage are periodically inspected. 

The records of the materials in a stockroom are kept on the basis of the in- 
coming and outgoing documents, the data of which are entered in a record card kept 
for each type-size of material. The method of current entries, after each arrival 
or issue of material, yields its balance, To verify and define the entries in the 
record cards, periodic inventories are taken of the materials in the stockroon, 
supplemented by surprise spot checks. 

Materials are issued from the stockroom of the supply department on material 
requisitions or limit cards. Before issuance, the stockroom prepares the naterial 
for productive use, for instance » the charge materials are ground and screened; rod 
and sheet metal is laid out or cut; free-flowing material is packed in parcels, 
liquid material is poured into a container. The representative of the shop, on sub- 
mitting his copy of the limit card, receives the necessary material, The stockroom 
clerk weighs and figures the issued material in the presence of the shop representa- 
tive. The issue of the material is finalized by signatures of the issuer and re- 
ceiver, on an issue document, 

The issue of material from. the stockroom of the shop to the work stations takes 
place against the work orders or flow sheets » made out by the production and dis- 
patching office of the shop. Materials are usually issued from the stockroom in an 
amount not exceeding the shift consumption. If the material issued has not been 
completely consumed by the end of a shift, it must be returned to the stockroom for 


Storage, and this return.is noted by the clerk on the work order or flow sheet. 


Section 7. P of Or tional-Technical Measures Pr Met 


mizing Materials and Reducing the Warehouse Expense 


The plan of organizational-technical measures prescribes measures for improving 
STAT 


Econo- 


the work of the agencies of material-technical supply. The plan includes 


organizational-technical measures for reducing the transportation and procurement 


STAT 
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at warehouses outside the plant, reducing the unloading and transportation expense) P 


expense (improvement of the roster of suppliers and the regions of procurement, in- 


tensified control over the correct calculation of the railroad tariff, increasing 
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the sizes of incoming shipments, reducing the standard times for storage of material e 


by reducing the warehouse expense (mechanization and better organization of the stor- 
age operations), reduction of administrative expense (mechanization and orderly or- 
ganization of the work of the staff, release of superfluous workers from the depart- 
ments and stores). 

Measures for economy of materials are very important. 

The reduction in the standard consumption of material per article is reached 
by reducing the weight of the aircraft, by selecting and typifying materials and 
profiles, by creating the simplest geometric shapes for the various parts and units, 
by using such means and methods of fabricating blanks and machining parts which allow 
the most complete utilization of the surface of sheet or the length of a rod or tube, 
and lead to minimum machining waste of the metal. In each shop and service, measures 


are envisaged for a more rational layout and forming of sheet materials, for a com- 


plete collection of scrap, for salvage and regeneration of auxiliary materials. 


The elimination of spoilage is of great significance for the economy. 


The development of the movement of the leaders of production for the economy - 


' of materials in each operation yields immense additional reserves for the economy 


of materials. 

Reduction of the work in process in the shops is accomplished by shortening the 
productive: cycle and by a differentiated calculation of the material inventories, In 
this respect, the experience of certain advanced enterprises is instructive. - They 


establish standard material inventories based on the length of the manufacturing 


cycle of each group of parts. For instance, with the indices shown in Table 56, if 


the length of the cycle for the most labor-consuming group of parts were used as 
guide, the shop would require 150 * 60 = 9000 kg of material to maintain its work in 
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process, If the length of the cycle of each group of parts is taken into account, 


however, the shop will require only 7950 kg of material. In this case, the average 
length of the cycle is 7950 : 150 = 53 days, while the coefficient of introduction 


of material into production is 53 : 60 = 0.93. 


Table 56 


Consumption Length of Total 

of Material Manufact- Consump- 

Per Day Per uring Cycle tion A 
Group, in kg | of Parts, of Material 


in Days in kg 


The lowering of the standards for warehouse inventories of materials includes 
measures for the release of frozen assets, for the shortening of the time of process- 


ing and delivery of goods to the shop stockrooms , and for reduction in the standards 


. for the current and emergency inventories. 


Section 8. Estimate of Plant Ware e e Eco ices of the O ~ 


tion of the S S 

The plant stockroom expense includes the expenses for storage and processing of 
goods stored in the general plant stores. These ón enter into the general 
plant overhead, and a special estimate of them is made, including all expense of the. 
storeroom system during the planned period. By dividing these expenses by the number 
of tons of goods handled by the-warehouses(or by an individual stockroom) for the . 
Same period, the total expense per ton of goods handled is obtained, The total ex- 
pense per ton of goods handled Cy, is calculated according to the formula STAT 
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where Tip is the intraplant transport expense for transporting the goods from the Section 9, se Funct of the Transport Syst 


plant warehouse to the shop stockroom, per ton; 
Transport is divided according to its purpose into outside, intershop, and 


uet 
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M oux is the cost of auxiliary materials, assumed according to the standard for 
intrashop. 


iuba dc NTA, 


processing of a ton of goods; 
Outside transport is used to deliver fuel, primary and auxiliary materials, 


xm 
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Sg are the wages, with all supplements, of the staff of supply and the stores 


| semifinished goods, and component finished articles to the enterprise and to ship 


per ton of goods; 
from the enterprise the finished product, salvage , and other freight. These ship- 


HP, is the remaining overhead expense of supply, according to the same classi- 

ments are serviced by the shops of railroad, truck, and other forms of transport. 
fication as for the other auxiliary services. 

Intershop transport is used to deliver material, semifinished goods and finished 


articles from the general plant warehouses to the shops, and from one shop to another. 


determined by the following economic indices: 
These shipments are served by the shop of intershop shipments. 


1) Fulfillment of the operative plan of shipment of materials to the plant 
Intrashop transport is used to deliver tools, materials and semifinished goods 


with respect to dates, quantity, tonnage and assortment; 


; from the shop stockrooms to the work stations. Intrashop transport is handled by 
2) Complete assortment of the inventories of materials and maintenance of [Y 
the shop where it is used. 
the inventories at the established level; 
The transport work is most effective with maximum mechanization of the loading 
3) Amount of idle time of the primary producing shops owing to delayed i 
and unloading work. 


ERE oth E A IIS O EII 
‘ 


The effectiveness of the work of the agencies of material-technical supply is 
supply or incomplete assortment of the supply; 


: The principal task of the transport system is uninterrupted fulfillment of the 
4) Amount of transportation expense for delivery of the material; 


HSER LET rr 


4 


plan of shipment, with complete utilization of the transporation means and minimum 


5) Amount of working capital assigned to the department of material-technical . 
cost of the transport operations. 
- supply and to the department of subcontractors and cooperation; 


ED 


At aircraft construction enterprises, the use of materials-handling facilities 


6) Plant cost of processing a ton of materials at the warehouses; 
E : ' is developing in the following prinċipal directions: 
7) Detection and liquidation of frozen assets; 

l. Equipment of warehouses, machine tools, and assembly stands with materials- 


8) Salvage of plant waste. i 
“ handling mechanisms. Conveyors, monorails, truck loaders, pilers are used at the 


e eina eE ETA He NA ETA iP 


To improve these indices, the work of the agencies of material-technical supply i Ñ 
: i warehouses (Figs.117 and 118). In the fabricating shops, electric cars with lift 


must be organized on the basis of independent unsubsidized operation. 


platforms are used to transport the dies, and electric hoists are used to e ATP the 


6 A dies in the presses. In the machine shops, the machine tools for processing heavy 
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Fig.119 — Beam Crane for Hoisting and Transporting Panels 


| 
| 


arn 


TERR SRE A de NNT, Ie e II TV RIT 


PRA 


Fig.118 - Piler i 
Fig.120 - Pulsating Conveyor on Assembly Line of Leading Section 


of Wing STAT 
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parts are equipped with electric hoisting mechanisms. In the major assembly shops, final assembly shop, and the aircraft to the airfield. 


electric mechanisms and monorails are used to place and remove a section or major The mechanization of lifting and transport work considerably lightens the work 


component from the assembly jig and to transfer a section or major component to the of the workmen and reduces several-fold the labor cost of moving loads. 


next work station (Fig.119). In the final assembly shop, electric hoisting mechan- 


Section 10. Classification of loads and Transport Facilities 


isms are used to hang the wings, engines, and other major components on the aircraft. 
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" 
, 


The loads to be transported are divided into the following groups: uncrated 


etre RE 0g dri 
Pol BEDE prr 


piece goods; piece-container goods, transported in containers and crates, such as 


engines, assemblies, equipment, bricks; long goods: profiles, tubes, rods, lumber; 


reru emanat 
SDT WE 


Ta x RD howe: 


bulk materials: coke, coal, sand, slag, soil; liquid materials: crude oil, gaso- 
line, kerosene, fuel oil; other materials such as food products. 

Each form of load has its own characteristic features of loading, transportation 
and unloading. The transport facilities must correspond to these features. Fora 
more complete utilization of tonnage and for shortening the time in the transporta- 
tion of goods, the transport facilities are specialized as muchas possible and are 


assigned to definite routes and forms of load. 


F 
| 
i 
E 


Railroad transport occupies an important place in the outside shipments of the 
plant, and if there are sidings at the plant site, this will ensure the delivery of 


railroad cars with freight directly to the place of storage or consumption. The 
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Fig.121 - Electric Cars ‘Serving Intershop Shipments . : ‘ ; 
o, ; principal transport facilities on plant railroad sidings are locomotives (tender and 


"te: 


ES RAS 
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2. Development of intrashop transport, conveyors and belts, used on production tank), electric locomotives, Diesel engines, and various types of freight cars, box 


lines (Fig.120); electric cars, used for delivering parts and units from the stock- cars, platform cars, gondolas, hoppers, dump cars, and tank cars. The economic 


rooms to the work station; endless and discontinuous overhead conveyors , used on characterization of railroad transport facilities is given in the special literature 


permanent flow lines of frequently transported loads, for instance, in transporting. (Bib1.29). ^ 


~ 


the engine from the removal-from-storage line to the engine installation stand on Automotive transport is the most flexible form of internal plant transport and 


the line of final aircraft assembly. ensures rapid delivery of the goods. 


3. Development of' intrashop transport - conveyors, tractors, electric cars Plants use trucks of conventional type, specialized trucks, trailers, autocars , 


(Fig.121). Continuous or pulsating action conveyors directly connect the storage or Sá and electric cars. Autocars and electric cars are widely used for intershopy 2 


operating sections of some shops, Tractors are used to transport assemblies to the ^ intrashop transport. Autoloaders are intended for loading and unloading freight 
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cars, for piling goods at the warehouses, and for transporting piece goods, At air- 
craft plants. autoloaders are also used in the stamping shops for transporting and 
lifting heavy dies. 

Continuous-action conveyors, overhead, floor, belt » plate, chain, dolly, and 
other types, inside a building are usually open, with a wire net protection for the 


- 


catwalks. Between buildings, the conveyors are usually of the enclosed type, laid 


inatunnel or tube, to protect the loads being moved from the effect of rain and 


Snow, 
Simple transport facilities, dollies, chutes and rollers , are widely and used 


directly in the production sections. 


Section 11. Materials-Handling Installations and Calculation of Their Throughput 


Materials-handling installations free the workmen from heavy and sometimes dan- 
gerous work, and also save time. 

The choice of a materials-handling installation depends on the kind and charac- 
teristics of the loads being moved (shape and weight), the type of required product- 
ivity of the installation (load-lifting capacity and speed); the directions and 


lengths of the routes for the loads; the method of piling a load; the local condi- 


` tions (for instance, type and design of the building, temperature, dust and humidity 


. of the premises). 


In productive shops, the materials-handling installations are connected with the 
manufacturing process. For example, the displacement of a conveyor and of the 
cranes in the casting, forging, and other shops is correlated with the labor process, 

The best jatera ndie systems are those that ensure a high degree of 
mechanization, labor safety, and minimum cost of moving a unit load. 

The materials-handling systems äre under the control of the superintendent of - — 
the shop in which they are permanently installed. and used, The responsibility for 


good order of the materials-handling installations is vested in an inspector of the - - @) 


561, 


t 


department of the chief machinist. 

Materials-handling systems may differ widely in their purpose and tonnage. 
Cranes, electric hoists, trolleys, monorails » conveyors, winches, elevators, jacks, 
and other installations are widely used. 

To shorten the time of loading and unloading, it is important to have the same 
type of transport and materials-handling equipment in both warehouses and shops. 

The throughput capacity of a materials-handling system is determined by its 
load-lifting capacity and by the number a it can perform during a shift, and 


is calculated by the formula 


Q-T-ay-a, 
hith, 4 2) 


t¡+4+2 Pd 
Y Ug, Us 


P, = 


where P,, is the productivity of the materials-handling system, for instance » of a 
beam crane, in tons per shift; 
Q is the load-lifting capacity of this system, in tons; 
T is the time of operation of the materials-handling system per shift, ex- 
pressed in minutes; 
y is the coefficient of utilization of the installation with respect to time 
(usually equal to 0.8); l 
%, is the coefficient of utilization with respect to load lifting capacity 
(usually taken as 0.7); 
t, is the time of gripping (seizure of load), in minutes; - 
t, is the time of unhooking. (release of load); 
hi is the height of hoisting, in m; 
hy is the height of lowering, in m; 
v4 is the speed of lifting and lowering the load; 
li is the length of the path of displacement of the crane; 


Vo is the average speed of motion of the crane; 


565 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


IX M bie a | 


TESS 


1 
5 
Á 
E 
j 
3 
t 
ES 
i 
E 
yl 
Hi 
t? 
ki 
% 
A 
4 
H 
aD 
f 
: 
i 
: 
c] 
E 
Er 
E 
B 
E 
r2 
E 
3 
y 
8 
b 
8 
ES 
ES 
[1 
m 
L4 
ay 
fr 
FA 
3 
E 
EM 
9 
2 
E 
g 
A 
E 
Ei 
3 
$ 
B 
5 
E! 
E 
E 
E 
5 
M 
4 
8 
& 
wn 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


la is the length of path of displacement of the telpher; 


Y3 is the speed of motion of the telpher. 


Section, 12. Or tion of Transport Route tion of Required N 


Transport Facilities 

The movement of a load may take place along routes covered only once or along 
routes established in advance and systematically repeated, Routes may be organized 
in shuttle and ring systems. 

Under the shuttle system of the. routing, the transport devices complete trips 
between two points. The shuttle trips may be one-way or two-way. A one-way shuttle 
system is ineconomic, since it includes a return trip empty. With the two-way 
shuttle system, the loads are transported in both directions (for instance, in 
carrying parts between the machining and heat-treating shops). 

With the ring system of routing, the transport facilities make a trip along a 
closed curve, serving a number of points on their path. The ring System of routing 
may have an increasing, uniform, or decreasing flow of goods. The ring system of 
routing is more-complex to organize, but to make up for that, it allows a most ef- 
fusius uss GERE transport facilities, 


To calculate the required number of transport devices, the transport shop, on 


«the basis of requisitions made by the departments and shops of the plant, determines 


the list and quantity of the loads to be carried during the planned year. The 
transport shop prepares a schedule of the arrival of loads at the plant and the trans- 
port of loads from the plant, a schedule of the automobile transport assigned to 
various series services of the plant or to their current servicing, anda plan of 
load turnover for each — of transport. 

The routes of movement of loads are established by classifying the loads by 
bases and enterprises going in one direction. Then, for each address of one direc- 


tion; the category and amount of the freight to be carried is determined. 


On intershop shipments, the direction of flow and the routes are determined by 
the sequence of the technological process of manufacturing the article. 

The.movement of freight must be carefully prepared and organized. For this 
purpose, it is important to select the most convenient route and the most suitable 
form of transport corresponding to the route and the tonnage of the load, as well as 


the corresponding facilities for loading and unloading it. 
Table 57 


Arrival of Loads Departure of Loads 


Designa- Quantity Designa- Quantity Destina- 
tion in Tons Origin tion in Tons tion 


Sheet steel From TsMS Workpieces Shop No.1 
(Central Ma- 
terial Ware- 
house) 


Nonferrous Same Workpieces Shop No.2 
sheet metal 


Tools From tool Sheet- Salvage 
shop material shop 


Scrap 


Parts for From OGM Waste of : Regenera- 
repair (chief mach- | auxiliary tion sta- 
inist'!s material tion 
department) 
warehouse 


Auxiliary 
materials 


From TsMS 


Sorting 
base of 
OGM 


Total Total | 

Arrivals 3255 Departures 3255 

The run in ton-kilometers is calculated separately for each route.’ The data 
for the calculation are taken from the schedules of routes. By adding the data ob- 


STAT 
tained for all the routes, it becomes possible to calculate the total number oi ton- 
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kilometers of a run of the transport devices in outside movements. 

For intrashop movements, the calculation of the number of loads to be moved is 
based on the balance of goods turnover made up for each shop and service. As an 
example, Table 57 shows the annual balance of goods turnover for the sheet-metal 
stamping shop. 

A calculation of the required number of transport facilities is made for each 
route of movement and for each form of machine, The operational and inventory ma- 
chine pool are distinguished in the calculations. 

The operational pool is the number of transport devices in daily operation. 
The inventory pool is the operational pool plus the number of machines in routine j 
maintenance (4 - 6%) and in reserve (5 - 10%). 

The number of devices in the operational pool is calculated from the formula 


N uu Lo E Le 
P ogFKiK3(1—Ky— Ky ' 


Where Q is the quantity of load to be moved along the route, in tons; 


O, 
— 


L is the length of the route at both ends, in km; 
v is the average speed of the device, in km/hr; 
q is the rated load-carrying capacity of the transport device, in tons; 
F is the annual working time of the transport device, in hrs; 
l Ki is the coefficient of utilization of the transport devices with respect to 
the load-carrying capacity (usually O.6 - 0.9); 

K, is a coefficient depending on the system of organization of load movement 
(in a two-way shuttle system, K3 = 2; in a one-way system, K> = 1; in the 
ring system, K, = 1,65 + 1,85); l 

K3 is the coefficient of time Joss for unforeseen delays and stoppages en 

route (usually 0.1 - 0.15); 


K, is the coefficient of time loss in loading and unloading work (usually 0.1). 


The calculation of the required number of drivers is based on a number of ma- 0 j 
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chines and working shifts, taking account of the planned percentage of time loss of 
the driver on vacation. The number of drivers on the payroll must be larger than 

those appearing daily for work, by the equivalent of these losses. The calculation 
of the required number of workmen accompanying the trucks is calculated according to 


standard Tables. 


Section 13. Operative Planning and Dispatcherization of Transport 


The operative planning of the transport system prescribes the preparation of 
monthly and shift-day plans of materials movement and the correlated loading and un- 
loading work. 


The monthly plan-graph of shipments is drawn by the planning and dispatching 


office of the transport shop on the basis of the quarterly plan and the applications 
of the services and shops of the plant, which are delivered to the office 6 - 10 
days before the beginning of the planned month. 

The amount of load to be moved during the month is compared with the throughput 
of the existing transport facilities, and the number of shifts of their use as well 
as the routes and number of machines assigned to the various routes are refined. 

For permanent routes, the establishment of a monthly plan for intershop material 
movement consists in the construction of a standard plan or in its refinement. 

The shift-day assignment is prepared by the dispatcher of the transport shop 
on the basis of the monthly plan of movements and the applications for movement of 
loads received up to that point from the departments and shops of the plant. No 
applications are filed for continually recurring work and routes. On continually 
recurring routes, the movement is handled by transport facilities and permanent 
drivers whose work is organized by a graph. 

| Tne dispatcher, detailing the incoming applications (their date and order), 
establishes the volume of the forthcoming movements, verifies the possibilits, AT 


their i y available number of transport facilities, 
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The coefficient of utilization of the facilities with respect to time represents 


drafts a shift-day assignemt indicating the distribution of machines among the 


routes and sections of work, and makes out route sheets for the drivers. The route the ratio of the time of utilization of the transport facilities to the calendar 


ILLUD 


sheet shows the driver, route, load, tonnage, time of departure, and time of return. | time. 


In establishing the route of the shift and the time of performance of the work, the 


The coefficient of utilization of the facilities with respect to load-carrying 


dispatcher takes account of the qualifications and experience of the driver, the 


capacity represents the ratio of the weight of the load moved to the rated load- 


characteristics, overall dimensions, and weight of the load, the distance of the carrying capacity (as shown on the rating plate) of the transport device, during the 


. trensportation and the condition of the road, the operating conditions of the addres- time of its useful work. 


see and shipper, and other factors, The coefficient of technical readiness of the pool represents the ratio of the 
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The control and record of the work on the shift-day assignment is handled by number of machines completely ready for operation and for departure on a run to the 


Wear RW PROC STIRS O TIUS 


the dispatcher on the basis of the route sheets, on which the consignee or shipper number of machines carried in the inventory pool of the plant, 


are obligated to indicate the time of arrival and departure of the machine and the The coefficient of consumption of fuel, rubber, lubricants, and abrasive mater- 


quality of the load delivered. The dispatcher notes the performance of the shift- 
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ials represents the ratio of the actual consumption of fuel for other materials to 


daily assignment in & special daybook. their standard consumption, established for 100 km of run, 


The regular and high-grade technical intermaintenance servicing and the timely 


The most important work indices of the transport system are reflected in the 


performance of the planned-preventive maintenance are of great importance for effic- 1 plan prepared annually by the transport Shop of the enterprise. 
e 


mE 


pe rom 
emp Tm mE a n a ne 
= 


ient operation of the transport. To reduce the expense of the transport system, it is necessary to organize the 


transport work on the basis of independent , unsubsidized operation and on the ex- 
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tensive use of advanced working methods of dispatchers, truck drivers, and mainten- 


] i l ance crews, 
The principal economic work indices of the transport system are the performance 


The organization of citywide transportation systems to handle the out-of-plant 
of the plan of moving loads with respect. to tonnage, assortment, periods, and cost ; 


" ; shipments for all enterprises of the city, yields a great economic advantage. 
of transportation, By relating all the expenses connected with operation, mainten- : ; 


ance, and repair of the transport facilities to the criterion of a ton of load moved, 

the cost of ‘moving one ton, one ton-kilometer, or the cost of moving one ton by a 

distance of one kilometer are obtained. A 
At enterprises, planned prices are established for the use of transport facili- 


ties per hour of operation or for the completion of trips over a definite route. STAT 


The planned annual reduction of the prices shows the extent to which the technology 
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drafts a shift-day assignemnt indicating the distribution of machines among the 
routes and sections of work, and makes out route sheets for the drivers. The route 
sheet shows the driver, route, load, tonnage, time of departure, and time of return. 
In establishing the route of the shift and the time of performance of the work, the 
dispatche: takes account of the qualifications and experience of the driver, the 
characteristics, overall dimensions, and weight of the load, the distance of the 
transportation and the condition of the road, the operating conditions of the addres- 
see and shipper, and other factors, 

The control and record of the work on the shift-day assignment is handled by 
the dispatcher on the basis of the route sheets, on which the consignee or shipper 
are obligated to indicate the time of arrival and departure of the machine and the 
quality of the load delivered. The dispatcher notes the performance of the shift- 
daily assignment in a special daybock. 

The regular and high-grade technical intermaintenance servicing and the timely 
performance of the planned-preventive maintenance are of great importance for effic- 


ient operation of the transport. 


Section 14. i omic i f Transport Wo Methods for Re 


The principal economic work indices of the transport system are the performance 
of the plan of moving loads with respect to tonnage, assortment, periods, and cost 
of transportation. By relating all the expenses connected with operation, mainten- 
ance, and repair of the transport facilities to the criterion of a ton of load moved, 
the cost of moving one ton, one ton-kilometer, or the cost of moving one ton by a 
distance of one kilometer are obtained. 

At enterprises, planned prices are established for the use of transport facili- 
ties per hour of operation or for the completion of trips over a definite route. 


The planned annual reduction of the prices shows the extent to which the technology 
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and organization of transport is improving. 
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The coefficient of utilization of the facilities with respect to time represents 
the ratio of the time of utilization of the transport facilities to the calendar 
time. 

The coefficient of utilization of the facilities with respect to load-carrying 
capacity represents the ratio of the weight of the load moved to the rated load- 
carrying capacity (as shown on the rating plate) of the transport device, during the 
time of its useful work, 

The coefficient of technical readiness of the pool represents the ratio of the 
number of machines completely ready for operation and for departure on a run to the 
number of machines carried in the inventory pool of the plant. 

The coefficient of consumption of fuel, rubber, lubricants, and abrasive mater- 
ials represents the ratio of the actual consumption of fuel for other materials to 
their standard consumption, established for 100 km of run. 

The most important work indices of the transport system are reflected in the 
plan prepared annually by the transport shop of the enterprise. 

To reduce the expense of the transport system, it is necessary to organize the 
transport work on the basis of independent, unsubsidized operation and on the ex- 
tensive use of advanced working methods of dispatchers, truck drivers, and mainten- 
anoe crews. 7 

The organization of citywide transportation systems to handle the out-of-plant 


shipments for all enterprises of the city, yields a great economic advantage. 
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The socialist national economy can be run properly only on the basis of the 
demands of the economic law of planned proportional development of the national 
economy, which is the regulator of production in the socialist economy. 

The planned, proportional development of the national economy makes it possible 
for the economic life of the USSR to be guided by the State national economic plan 
along the paths of continuous increase in social wealth, of constant rise in the 
living standard and cultural level of life of the laborer, of the strengthening of 
the independence of the USSR, and the intensification of its defensive power. 

Thanks to the action of the economic law of planned proportional development, 
our national economy has been freed from economic crises. It has thus become 
possible to plan the social production, ensuring its uninterrupted development at 
scheduled proportional high rates, on the base of the highest technology, and with 
a constant kronik in the production of manufacturing means, 

The effect of this law leads to an economic organization of the work of each 


enterprise and a complete utilization of its material and human resources, ensures 


a high form of stable and constant profitability of the socialist enterprise, limit- 


ing the degree of influence of the law of material value on production, 

The planning of the national economy and of the individual teris yields 
positive results only in the case where it correctly reflects the demands of the law 
of planned, Gtoporelonar development of the national economy. 

In accordance with the fundamental object of socialist production, the planning 
. of the industrial activity of an enterprise is directed toward increasing the out- 


put, raising its quality, and constantly reducing its production cost. The planning * 
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of the socialist enterprise must specify the continuous growth and improvement of 
production on the basis of the highest technology. 

In accordance with the demands of the law of constant growth in labor productiv- 
ity, the planning of the work of an enterprise is directed toward the creation, for 


each workman, of the technical and organizational conditions necessary for attaining 


a high output during the shift, for uninterrupted utilization of the equipment, and 


maximum yield of product. 

In accordance with the requirements of the law of dístribution according to 
labor, the planning is directed toward reinstatement of personal responsibility in 
the organization of labor and its payment, toward widespread use, in the shops, of 
advanced methods of work and progressive technical standards of time and output. 

In accordance with the demands of law of material value, the planning of the 
work of an enterprise is directed toward stable profitability of production. 

Intraplant planning, in its content and the methods of its realization, is sub- 
divided into technical-economic and operative-productive. 

Technical-economic planning consists in developing progressive technical- 
economic standards; in preparing the technical-industrial-financial plan and in 
coordinating its indices with the low levels of the productive units; as well as in 
organizing the record and control over the fulfillment of the planned assignment by 
each unit. 

Operative-productive planning is the direct extension of technical-economic 
planning and consists in orgartzing uniform work by graph at each work station, 
section, and shop and in their executing the production program in each shift, 

For a planned development of production at high rates and for a more economic 
utilization of the productive capacities and facilities of a socialist enterprise, 
it is necessary to have, together with the annual plan, a prospective plan of oper- 


ation of the enterprise. 
STAT 
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CHAPTER XVI 
TECHNICAL-PRODUCTIVE AND FINANCIAL PLAN OF THE ENTERPRISE 


Section 1. Definition of the lechnical-Industrial-Financial Plan, and its Structure 


A State enterprise has a technical-productive and a financial plan, which is 


prepared on the basis of the State plan assignments and represents the summary plan 
of the productive-technical and economic-financial activity of the enterprise. 

The technical-industrial-financial plan is directed toward ensurance of techni- 
cal progress of the enterprise and a more complete utilization of its material-labor 
and financial resources to fulfill the State assignment as to output of production, 
improvement of its quality, and reduction of its production cost, 

The object of the preparation of the technical-industrial-financial plan is to 
find, with the active aid of the collective of the enterprise, ways and means of 

more economical fulfillment and overful fil iment of the State-planned assignment. 

The technical-industrial-financial plan of an enterprise consists of the follow- 

l ing mtually àoordinated parts: f 
1)'A plan of production, establishing, in physical and monetary terms, the 
productive program of the enterprise and the degree of utilization of the 
fixed assets; 
2) A plan of technical development and organizational improvement of produc- 


tion; 


3) A plan of supply of the enterprise With materials, purchased semifinished 


goods and component finished articles; 
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4) A labor plan establishing the growth of labor productivity, the labor 
cost of the production program, the composition and number of the workers 
» of the enterprise, and their wage fund; 

5) A plan of production cost of the product, showing the expenditures of 
production on the fulfillment of the program, and giving a calculation of 
the production cost of the finished product; 

6) A financial plan, determining the volume of funds necessary for the enter- 
prise to conduct its industrial and nonindustrial activity, the sources 
from which these funds will be covered, and the profitability of the 
enterprise, j 

The plan of capital construction is prepared by the enterprise separately from 
the plan of the primary production. 
The indices of each division of the industrial-financial plan are justified 
by computation Tables and estimates, and are formulated on the basis of standards 
Gà by the balance method. The balance method allows the Panibcémenbs and the internal 
resources of the enterprise to be coordinated, thus ensuring fulfillment of the 
State assignment. For example, the program established by the entérarise must cor- 
respond to its productive capacity, and the consumption of materials must correspond 
to their arrival. What is taken into consideration is not the reached level of 
development of the enterprise, but a higher level, taking account of the lens 
of technique, the increase of qualification and labor productivity of the personnel. 
The work on the planning of production must not be reduced to the mere prepara- 
tion of the plan, The preparation of the plan is the beginning of planning, while 
the genuine planned direction is developed in the course of the sediiastion of the 
plan, of its refinement and improvement on the basis of mass experience. .In the 
struggle for the fulfillment of the plan at the enterprise, socialist competition 
develops, disclosing new iiec for the accelerated rise of.the national eganomy. 


The active participation of the masses in the fulfillment of the plan ‘leads to an 
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improvement in the quantitative and qualitative indices of the plan. 


Section 2. 


Independent, unsubsidized cost accounting is the fundamental method of the 
planned direction of a socialist enterprise, and is based on & combination of the 
centralized direction of socialist enterprises on the part of the government, with 
the economic-operative independence of each enterprise. The economic-operative in- . 
dependence of the enterprise is expressed in the fact that it receives , at its dis- 
position, State means of production and has the opportunity of manifesting a broad 
initiative for their most rational utilization in the interest of fulfillment and 
overfulfillment of the plan. 

The application of independent unsubsidized cost accounting makes it possible to 
provide material incentive to the workers of the enterprise for the fulfillment and 
overfulfillment of the industrial-financial plan. The System of material incentive 
must provide for the predominance of the interest of the socialist State and must E 
encourage primarily the fulfillment of the principal, decisive indices of the plan. 
Such decisive indices, for all shops, are the fulfillment of the plan in output and 
list of products , the growth of labor productivity, work without spoilage, and low- 
ering of the expenses of production per init of output. 

Unsubsidized independent: cost accounting must penetrate to all units of the 
enterprise and encourage more complete discovery and utilization of the internal 
reserves, For each unit, under independent unsubsidized accounting, concrete eco- 
nomic indices of operation and progressive standards must be established, together 
with a system of econ EE work and the condition of bonus payment. It must be 
borne in mind that the Autroddobion of independent unsubsidized operation should not 
be sioconpanisd by peaton of the record and report system, The economic inde- 


pendence of the shop differs from the economic independence of the enterprise, The 


Shop is not a juristic. person and does not possess the rights of one. The shop does 
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not acquire and does not sell its product and, consequently, does not enter the 
sphere of circulation. It does not have its own working capital and does not have a 
complete system of accounting with an independent balance sheet, For this reason, 
independent unsubsidized cost accounting is applied in the shops and production sec- 
tions in a limited form only. The system should encourage the manufacture of a 
larger quantity of product of better quality and with smaller expenditure of labor 
and material values. 

At present, independent unsubsizides operation in the shop is directed primarily 
toward stimulating the growth of labor productivity (by the application of unlimited 
individual or crew piecework systems and bonus payments for systematic fulfillment 
of the shift assignments during the course of the month). 

However, together with the encouragement of the growth of labor productivity, 
other factors must also be stimulated to effect a lowering of the production costs 
in a shop, for instance saving of materials and reduction of overhead. For this 
purpose, the structure of the shop expense must be carefully studied, 

Table 58 shows the structure of the shop production cost of certain shops. 

This Table indicates that the cost of the primary production materials is the 
major expense item in the production cost of the fabricating shops. Consequently, 
the index of saving of materials is particularly important for independent unsubsi- 
dized operation in the fabricating shops. 

The value of the materials, tools, and power occupy the largest place in the 
structure of the production cost of the stamping and machining shops. The specific 
indices of independent unsubsidized operation for these shops will be the savings 
of materials, tools, and electric power. 

In the heat-treatment and fitting-assembly shops, the relative proportion of 
the expenditures on electric power and auxiliary materials is great. The economy 
indices of electric power and auxiliary material are of similar importance for ghis 
group of shops. 
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The production in which a large amount of labor and material expense has already 


been invested, is concentrated in the assembly shops. For this reason, the most 


Table 58 


Elements of Production Cost of Shop 
(Total Production Cost, 100%) 


Percentage 


* Materials for anodizing and heat treatment. 
** Purchased finished component articles are not distributed by shops in 
. this Table, but are directly charged to plant production cost, 


important specific index of independent unsubsidized operation for the assembly and 
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test shops is the shift-by-shift rhythmic output of product and the shortening of 
the assembly cycle. 

The funds for bonus payments for obtaining good indices of independent unsubsi- 
dized work in the shop are taken from the amounts received from the over-plan reduc- 
tion of production costs. 

The system of independent unsubsidized operation of a socialistic enterprise 
must provide material incentive for the workmen and engineering-technical personnel 


in the output of more productive end economical aircraft, in the continual introduc- 


tion of the latest technique and advanced experience into production, in the fullest 
utilization of the existing equipment and working time, in the development of inter- 
plant and intraplant specialization and cooperation, and in constant lowering of the 


production cost. 


Section 3. Progressive Planned Standards and Procedure of Preparing the Technical- 
Industrial-Financial Plan 


The socialist plans may play a mobilizing role in the case where the planning 
agencies are oriented toward new and advanced processes, when the plan is not based 


on arithmetic average standards but on progressive standards. For this reason, the 


: indices of the technical-industrial-financial plan are calculated on the basis of 


technically justified time standards and average progressive standards of machine 
utilization and consumption of material values. Progressive standard Tables are 
worked out on the basis of utilizing the achievements of technology, the experience 
of advanced plants and of advanced production workers. 

The standards on whose basis the expenditures of labor are standardized include 
the processing conditions and standard times, and the standards of equipment ser- ' 
vicing. 

The standards characterizing the utilization of equipment and productive area ' 
include the standards and coefficients of loading of equipment, the standar TAT 


production of finished product per unit of equipment and per square meter of produc- 
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tion area, and the standards of area for machines and equipment, 
The standards on whose basis the consumption of material values are standard- 
ized include the average progressive standards of consumption of primary and auxil- 


iary materials, fuel, power, and tooling per unit of finished product and per unit > 


of equipment. 


The standards on whose basis the requirement of the enterprise for working cap- 


ital is determined include the standards for the stocks of fuel, materials, semi- 

: finished goods, and component finished articles in the warehouses, the standards of 
work in process at the shops, and the standards of duration of the manufacturing 
cycles for the finished product. 

Progressive standards encourage utilizing the internal reserves of the enter- 
prise and raising its lagging production sections to the level of the advanced sec- 
tions. As the technique develops and the organization of production is improved, 
the standards in force are replaced by new and more advanced ones. 

The State plan sets the assignment for the enterprise with respect to all of 
the most important economic indices of its operation: output of finished product 
and output of gross product in assortment, physical units, and value units; growth 
of labor productivity, of the number of workers, and their wage fund; cost of pro- 
duction; production cost of the principal forms of the product; and reduction of the 
production cost of comparable products. In accordance with the basic indices of 
the State assignment for the enterprise, the limits of consumption of materials, 
labor, and funds are established. 

The limits for materials determine the material stocks alloted to the enter- 
prise to fulfill the production program and to establish the.necessary inventories 
of materials, 

l The limits with respect to labor determine the number of workers of the enter- 
prise sud the allotted wage fund (based on the planned growth of labor productivity 


and the average wage). 


The limits of monetary resources for the enterprise establish the working assets 


of the enterprise, which are sufficient for fulfillment of the plant assignment with 


the planned reduction of production cost. 


In accordance with the State plan assignment, and on the basis of an analysis 


of the productive-economic activity of the enterprise, the preparation of the 
technical-industrial-financial plan is approached. The technical-industrial- 
financial plan is the internal planning document of the enterprise. The development 
of the technical-industrial-finanoial plan begins with the establishment, by the 
director of the enterprise, on the basis of the State assignment and of the materials 
prepared by the planning-production department, of the order and dates for the pre- 
paration of the individual divisions of the technical-industrial-financial plan. The 
director sets up a production program for each shop, and an assignment for the in- 


troduction of new technique, for the improvement of product quality, for increasing 


labor productivity and the use of fixed assets, for reducing the production cost, 
together with a list of the most important economic and organizational measures to 
ensure attainment of the plan indices. The technical-industrial-financial plan is 
prepared under a centralized procedure by the planning-production department of the 
plant. The departments, shops, and services submit the necessary starting data - 
standards, estimates, calculations - to the planning department for calculating the 
indices of the technical-industrial-financial plan. 

The shops take a direct and active part in working out the plan of —€— (Q 
and organizational measures and the estimates of shop expense for the es items 
depending on the work of the shop. Em 

The calculations and estimates used in preparing the technical-industrial- 
financial plan must be based on advanced standards and the advanced experience of 
production innovators. The statistical and accounting data in the preparation. AT i 
the technical-industrial and financial plan are used primarily for control of the 


calculations. The department or service that has worked out standards is ipsi ue 
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for their correctness. 


LA properly prepared technical-industrial-financial plan must start out in all 


calculations from the established manufacturing process, from the most complete util- 


` ization of internal reserves, and must be supported by a plan of organizational and 
economic measures. 

In the preparation of the technical-industrial-financial plan, the planning- 
production department of the enterprise coordinates all the divisions and indices of 
the plan. The draft of the technical-industrial-financial plan is discussed at a 
production-technical conference between the director and the leading workers of the 
plant, shops, and departments, together with representatives of the public organiza- 
tions. 

The technical-industrial-financial plan is approved by the director of the en- 
terprise and is submitted at the prescribed date to the superior economic agencies 
for their information. 

The government has enlarged the rights of the director of the enterprise, 

.allowing him to modify the production plan within the limits of the quarter and to 
take orders from outside the plant for a more complete utilization of its equipment. 

The record, control, and analysis of the results of fulfillment of the 
technical-industrial-financial plan are conducted on the basis of the data of the 
operative, statistical, and accounting records and allow the timely detection of 
disproportions that may arise and their timely elimination, as well as the discovery 
of new. reserves and the development of measures directed toward the improvement of 


the work. 
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CHAPTER XVII 


PLAN OF PRODUCTION (PRODUCTION PROGRAM) 
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Section 1. 


The production plan must disclose, in physical and value units and in labor 


cost, the productive program of the enterprise, including the amount of its work 


under productive cooperation, The plan must show the degree of utilization of 


equipment and production areas for the given productive program and mst establish 


the total production volume. It is prepared in the form shown in Table 59. 
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The production program must be prepared taking account of the interplant and 


intraplant specialization and cooperation. 


In laying out the production program of an aircraft construction enterprise, 


/ 
the assignment for reduction of the labor cost of the aircraft is used as a guide, 


from which it follows that the program of increased output of aircraft is directly 


dependent on the stage of development of the series aircraft production occupied by 


craft is particularly great during the initial period of aircraft production, and 
then gradually declines. In accordance with the rate of reduction of the labor cost 
of aircraft, the program for output of aircraft must increase, 

We distinguish a production program with respect to start-up, to manufacture, 


and to output. 


The program of start-up is directly connected with the plan of materia AT 


technical supply and reflects the extent of consumption of materials, semifinished 
STAT 
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goods, and finished components in production. 
Ihe manufacturing program reflects the value of the expenditures of production 


for the gross product. 


Ihe output program reflects the value of the expenditures for the finished pro- 
duct. 

The starting data for calculating the production program are the plan indices, 

‘assigned to the enterprise, and the standards of labor cost of the articles, their 
manufacturing cycles, and the productive capacity and throughput capacity of the 
shops. 

In the production program, the production of an enterprise is classified as 
Eross production, commodity production, and work in process. 

Gross production is the term applied to the total production of an enterprise. 
According to its degree of completion, gross production is subdivided into commodity 
(finished) production and work in process. 

The commodity production of an enterprise is the product manufactured in accord- 
ance with the specifications or established standards, completely assembled includ- 
ing the necessary assemblies, instruments, and spare parts, as accepted by the in- 
spection services and the purchaser'!s representatives and intended for realization 
outside the enterprise. The commodity production also includes such work and ser- 
vices of a productive nature as are rendered to others outside the enterprise. 

l The commodity prođuction of an aircraft enterprise includes: 1) series pro- 
ducts and products planned on one-time orders; 2) spare parts for series products, 
if their cost is not included in the wholesale price of the article; 3) semifinished 
goods produced by the enterprise, forgings, castings, stempings, manufactured for 
outside accounts; 4) civilian products and articles of mass consumption manufactured 
from the Primary materials or from the production waste; 5) services for major over- 


haul and capital construction, except work on the repair and construction of build- 


pom OER Oe G a 


. ings and structures; 6) electric power, steam, and other forms of power produced by 
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' self, the finished product will be that part of the product of the shop which is 


< 


the enterprise and sold by the enterprise to outside interests; 7) production of the 
instruction and auxiliary shops, manufactured for outside account; 8) tares, if they 
are not included in the wholesale price of the product, 


The commodity production of an enterprise does not include: 1) services of the 


plant transportation system for shipments to points outside the plant; 2) designing, 


planning and research work; 3) services and work on capital construction and major 


repair of buildings and structures; 4) work on installation and disassembly of equip- 


ment; except for cases where the cost of the installation work is not included in the 


wholesale price of equipment manufactured by the enterprise and is handled by the 


personnel of the given enterprise; 5) power, water, steam, and gas obtained from out- 


side; 6) waste and rejects sold for salvage; 7) nonindustrial production of subsid- 


dary producing units. The cost of this work, which does not enter into the gross 


production, is absorbed in the general estimate of production. 
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The finished product of an enterprise must not be confused with the finished 


product of the shops. The finished product of a shop is the product prescribed by 


the plan, accepted by the shop inspection office, and delivered by the shop to the 


finished product store of the enterprise or to another shop, For the enterprise it- 


realized by a plant outside the enterprise, and falls into one of the forms of com- 


modity production of the enterprise enumerated above. All the other production of a 


shop is work in process, as far as the enterprise is concerned. 


Work in process is the incompletely manufactured product designed to assure 


the uninterrupted rhythmic flow of production, in all stages of production from the 
first operation to the finalization of the delivery of the finished product. Work: 
in process includes: 
1) Blanks, parts, units, and A sanies produced. by the plant, and located : 
at work stations, inspection stations, shop tones and laboraSTATss; 


2) Products in assembly, being tested, or in process of completed but not 
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Table 59 
Production Plan (Production Program) (continued next p.) 
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Commodity (finished) production: 


A. Defense 
Product A 


Product B, etc. 
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rubles 


C. Articles of Mass Consumption 


D, Other production 


1) Services to own capital con- 
struction and capital repair; 


m 


2) Services, to development produc- 


| l Total commodity production 


Change in balance of work in process| Same 
l This includes, for principal pro- 
, - ducts: 
| Fabrication of special tooling Same 
{ + 
i , Amortization of special tooling 


{ ; 


Utilization of. metal-cutting and 
T forging-stamping equipment (in % 
of calendar time) 
| 
l 


Output of gross production per square 
meter of productive area Same 
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yet finalized delivery under established plant procedure; 
3) Change in balances of tools and attachments produced by enterprise and 
located at auxiliary shops, during the same period. 
Work in process does not include materials, semifinished goods, and finished 


articles not produced by the enterprise itself and located in the shop stores. 


Section 2. Production Criteria 


The prodüction of an enterprise is measured in physical, labor, monetary, and 
arbitrary units. 

Physical criteria are pieces, for expressing the number of products, assem- 
blies, or parts; units of weight, tons or kilograms, for measuring material; sets, 
for measuring products sold in sets. 

The labor expense criteria are the man-hour, machine-hour, standard-hour. In 
the productive plan, the labor cost of an article is calculated in standard-hours 
and in man-hours. 

The monetary criterion is the ruble. 

The gross production is valued in stable prices; for the sixth Five-Year Plan, 
these are the prices introduced on 1 July 1955. The stable price for the period of 
a current Five-Year Plan is necessary for comparing the indices of operation of an 
enterprise for different years. 

Commodity production is valued in current price-list wholesale prices approved 
by-the government, or according to temporary contract prices; in a case where there 
are no such prices (for a newly introduced product), arbitrary wholesale prices are 
adopted in the plan. 

The services for major overhaul and capital construction are valued according 
to the estimate prices, which are coordinated, for the calculation, with the whole- 
sale prices. The basis for the charging of services as finished product is the 


percentage statement for the volume of work performed, signed by the purchaser of 
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the services. 

The work in process may be expressed in standard-hours or in nominal sets, and 
is always rated in rubles. 

The nominal sets N, , are determined as the quotient obtained by dividing the 
total volume of work in process, expressed in standard-hours, by the standard labor 


cost of one finished product, likewise expressed in standard-hours: 


H 
he, 


meas 

The money value of work in process is taken according to the plant production 
cost and according to wholesale prices. 

The balance of work in process is rated by individual shops only for the ex- 
pense of the shop itself; but the total value, for the enterprise, is included in 


the value of the intershop manufacturing reserve stocks. 


Section 3. Computation of Labor Cost of Unit Product 


The expenditure of labor on a product may be calculated by consolidation, or 
in detail. 

The method of the consolidated labor cost computation for the manufacture of an 
aircraft is used in the planning and reconstruction of aircraft construction enter- 
prises, for the economic justification at the stages of sketch and working design 
of the technological characteristics of the aircraft, for preparing the directive 
graph of preparation of production for the start of a new aircraft in series pro- 
duction, for the economic planning of series production, and for the preparation of 
prospective plans for its development. | 

The consolidated computation method consists in establishing the labor cost of 
manufacturing an aircraft, depending either on the number of aircraft produced or 
on the daily production, taking account of the weight characteristics of the air- 


STAT 
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The former method.was developed by the American researcher Wright, who estab- 
lished the fact that, for each doubling of aircraft output, the labor cost of manu- 
facture for aircraft is reduced by 20%. This relation was expressed by Wright in 


the formula 
yrobe x 


` where y is the labor cost of the aircraft being determined, in man-hours; 
b is the labor cost of the first aircraft, in man-hours; 
x is the serial number of aircraft whose labor cost is to be determined; 
m is a negative exponent. 

Using this formula, Wright constructed what is called the 80% graph of reduc- 
tion of labor cost per aircraft (Fig.122a). 

Wright's formula and graph do not express the effect of the technique employed 
and the rate of production on the lowering of the labor cost. In practice, however, 
for the production, let us say, of one aircraft a day, certain technical means and 
methods or organization of production are used, while for the pooduction of 10 air- 
craft a day other and more productive techniques and methods are used. 

The Soviet engineer S.I.Yel'!kov developed a second method of consolidated de- 
termination of the labor cost of the aircraft T, as a function of the daily produc- 


tion of aircraft No (cf. Fig.122b). This relation is expressed by the formula 
T=0’. N”, 


where b? is a constant corresponding to the labor cost of manufacturing one air- 
craft a day; 
m is a negative exponent which varies for aircraft of different classes, ad. 
decreases with increasing daily output. ` 
E has been established that, with increasing overall el the air- 


craft, the area of the surfaces processed increases to a lesser extent than the 


weight of the aircraft. For this reason, the labor cost per kilogram of weight will 
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be considerably higher in a light aircraft than in a heavy one. Starting from this 
proposition, 5.I.Yeltkov expressed the relation between the growth of labor cost of 
the aircraft and its weight characteristic by the formula 
3 
T=T,V C3, 
where T is the labor cost of the aircraft being determined in man-hours, for the 


given daily output; 
60 
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Fig.122 - Influence of the Number of Aircraft Manufactured (a) and the Daily 
Output of Aircraft (b) on the Reduction of the Labor Cost of 


Manufacture of the Aircraft 


a) Labor cost in arbitrary units; b) Number of aircraft pro- 


duced; c) Daily output of aircraft 


T4 is the labor cost of an aircraft of earlier or comparable design, in man- 
hours; 


C is the ratio of the empty weight of the various aircraft being compared: 


o-i]: 


q is the weight of the aircraft whose labor cost is being determined, without 


taking account of the weight of the components not manufactured by STAT 


e 


aircraft-construction plant itself; 
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qj is the weight of an aircraft of preceding or comparable design, without 
taking account of the weight of the components not manufactured by the air- 
craft construction plant itself. 
The method of detailed calculation of the labor cost of an aircraft is based on 
the standardization of the work. 
Under this method, the labor cost of the product is determined as the sum of 


the time for the standardized work and the time for the time-basis work: 


T= (trend * thane? 


The standardized operations V stand are prescribed by the series or tentative 
process charts and are calculated in standard-hours. As a series process is estab- 
lished, the tentative standards are replaced by the standards of the series process. 

The time-basis operations ttime are calculated in man hours and are performed 
by straight-time workers. Such work includes the work on testing the product, on 
flushing and polishing the parts, etc., which are calculated according to the stand- 


ard time of servicing equipment. 


Section A. 


Calculation of the Production Program 


In the production program, the production is classified as commodity produc- 
tion, as the change in the balance of work in process and in the balance of special 
tooling, and as gross production. 

Commodity (finished) production in the program is divided into defense , civil- 
ian, mass-consumption, and miscellaneous. 

Finished production is estimated separately by labor cost for each form of 
such production, by multiplying the amount of production indicated in the annual 
program Nob. ann by the standard labor cost of one manufactured object T, and is 


expressed in hours: 


Tann pro = Nob. ann * T 


| 
| 
| 
| 
| 
| 
| 
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The calculation of the finished product by value C f.p is performed separately 
for each form, by multiplying the amount of production No, ann indicated in the 


annual program by the wholesale price WP of one product: 


C, p.— obann WP. 


The volume of productive services is expressed in standard-hours and in rubles, 
and is divided into services to the enterprise's own capital construction and major 
overhaul and into services to others, for instance, to a development production or- 
ganization. The volume of the productive services is determined by an estimate or 
contract. The labor cost and the value of the services are calculated in the same 
way as for the finished product. 

The computation of work in process is the most complex part of the calculation 
of the production program. In calculating the amount of work in process, account 
is taken, in the first place, of articles whose manufacture has not been finished, 
which have been carried forward from the past year into the present year, and ensure 
the program of output of commodity production in the first month of the planned 
year; in the second place, account is taken of the work in process of the planned 
year. By far the largest part of this work in process will go into the commodity 
production of the planned year. The other and smaller part, whose amount depends 
on the length of the aircraft manufacturing cycle, will be carried forward into the 
work in process in the year following the planned year. 

For instance, with a five-month aircraft manufacturing sois the program of 
aircraft output from January to May in the year following the planned year will de- 
pend on the extent to which the starting of work in process was correctly calculated 
and actually accomplished from August to December in the plan year. In order cor- 
rectly to calculate the work in process, one must know the length of the aircraft 
manufacturing cycle, know for how many months, or years, the plant will continue to 
manufacture aircraft of this same design, and must also know what the prospecsTADY 


their series production are in the plan year and the year following it. 


593 STAT 


——Ó——— ARP 


DR T PEU EET 


Work in process is calculated according to the standard, according to the de- 
gree of completion, and according to the value for each type of production. 

To determine the amount of work in process by the standard, one must know the 
length of the manufacturing cycle of the product. The length of the production 
cycle is determined, in the fabricating and processing shops, from the cycle of the 
parts and units with the longest manufacturing period; in the assembly-riveting 
shops, from the cycle of the major component with the longest period of assembly; 
and in the final assembly shop, from the aircraft assembly cycle. The cycle of air- 
craft manufacture is considered to be the period from the time the starting mater- 
ials and blanks are first put into production to the day of cuna of the fin- 
ished aircraft by the purchaser. The amount of work in process according to the 
standard H equals the length of the productive cycle of manufacturing the product 
in days Cy, multiplied by the daily average output of product in the planned per- 
iod Noes i.e., 

H= Cy «N.. 

In order to determine the amount of work in process by its degree of comple- 
tion, we must .know the amount of work in process, its present condition, and its 
present stages of production. To determine work in progress by degree of comple- 
tion, the coefficient of product completion is usede The coefficient of comple- 
tion K, represents the ratio of the labor cost of the production whose manufacture 
has not been completed to its total labor cost. 

The Table below gives examples of calculating the coefficient of completion of 
work in process by parts and by shops. 

The volume of work in process for the product as a whole may be expressed in 
nominal aircraft, and is calculated by the formula H, = Cy * Ne * Kes 

Dame: In a given work in process, there are 160 products for which the 
manufacturing has not been completed and whose labor cost, according to the inven- 


tory data or to the accounting record, amounts to 16,000 hours, the standard time 
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per product being 200 hrs. Then, 


16 000 
K,—-— 295. 0,5. 
e 160x200 0,5 


To determine the amount of work in process by value, we must know the amount 
of expense for the product incurred at each stage of production, To determine the 
work in process by value, the cost-growth factor is used, Work in process by value 


is determined according the formula 


He = Cy + N, ° Cpl * Kpl 


Calculation of Coefficient of Completion of Work in Process 


By Part By Shop 

Prod chien Heservec or Par g P Lg b 3 

E Labor Cost 2 [En 85513 4 
"EG e in Standard Hours 2 [£8 eund. 
2 Bg tü EE: 322 9 mid 
Ss & d S Total ° EB d 2d M SEHR. 
o p rd Dx o HO [eh g^ o 900 
“A «4 d + EG Z o o 3 9 54 E P D 
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E 5 T d 45 C E BEd 

= c E On 145% 


1 60 0,1 45 

2 50 0,2 35,1 

3 40 0,3! 45 
Total 230 | 


45 125,1 — 
Kc. "180.0,6 TOS Kes. ag = O04 
where Cpl is the planned plant produetion cost of one product in rubles; 


Kpl is the weighted average cost-growth factor. 

Example. With an annual output program of 1000 aircraft, the mean daily out- 
put is 1000 : 307 = 3.23 aircraft. The length of the production cycle of the pro- 
duct is found to be four months, or 26 x 4 = 104 days. With 20 aircraft ingTATries 


and the total cost of 1500 thousand rubles charged to the series, the production 
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cost per aircraft is 1500 thousand rubles: 20 x 75 thousand rubles. Taking account 
of the planned percentage of reduction of the production cost (say 15%), we obtain 
the planned production cost of one aircraft as 75 * (1 - 0.15) = 63.75 thousand 
rubles. With a weighted average cost-growth factor of 0.8, the amount of working 
capital the enterprise will require to finance the balance of work in progress will 


be 
HEN ° Cy’ Cpl . Kpl = 3,23 x 10, Xx 63.75 + 0.8 = 17,131.92 thousand rubles 


In preparing the technical-industrial-financial plan, the following two methods 
of calculating the volume-production cost-growth factor and the volume of work in 
process are used: 

l. The first (simplified) method is recommended for enterprises with a large 
product list and a short production cycle. Under this method, the volume-production 
cost-growth factor for work in process by production cost is calculated from the 


formula 


1—C 
Ke Cyt (2352), 
where CQ, is the proportion of the value of the primary materials to the production 


cost of the product for the plan period; 
1 - Cm 


3 is half the remaining expense for the principal items of the estimated 


cost of the finished product (production wages, shop and plant expense). 
Under this method of computing the cost-growth factor for a product, we start 
from the procedure under which the materials, semifinished goods and finished ar- 
ticles are charged to production cost to the full extent of their consumption and 
value, immediately on their transfer to work in process, while the labor expenditures 
in production increase during the course of the month in equal parts, i.e., by 4% | 
a day. A 
Example: 


cludes: 


The plant production cost of the product is 15,000 rubles, which in- 


cost of the primary materials 4500 rubles; production wages 3000 rubles; y 
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shop expense 5000 rubles; and plant expense 2000 rubles. Then, 


]) Cm==4500 : 15000 20,3; 


1—0,3 
2) Ko 34 (2) > 0,65. 


2. The second method is recommended for enterprises producing articles with a 
long production cycle. Under this method, the cost-growth factor is established by 
dividing the weighted average cycle or measure of the time that each form of expense 
remains in the work in process, by the length of the full cycle of production of 
the product. For instance, if the production cycle of the product is 45 days, and 
the weighted average cycle of stay of the primary materials in the work in process 
is 33.83 days, then the cost-growth factor for the primary materials will be 
33.83 : 45 = 0.75. Table 60 shows the technique of calculating the cost-growth 
factor by forms of expense. 

The volume of work in process is calculated in nominal sets, by production 
cost, and in wholesale prices for a finished product. Table 61 shows this computa- 
tion method. The method of calculating in nominal machine-sets or, as it is some- 
times called, in nominal reduced machines, is the principal method in aircraft 
building. This method is based on the labor cost of the work done, expressed in 
standard-hours. The production cost of nominal machine-sets by each form of ex- 
pense is obtained on multiplying the number of nominal machine-sets by the standard 
for that form of expense. The change in the volume of work in process, expressed 
in planned production cost, by elements of expense, is established by subtracting 
from the production cost of nominal sets at the end of the quarter the production 
cost of the same nominal sets at the beginning of the same quarter. 

The volume of working process is calculated separately for each form of primary 
product. 

If such calculations involve a large amount of work, the change in the volume 
of work in the process is determined for the entire output as a whole, start:STAT 


from the production cost of the work in process for the entire output of the plant 


STAT 
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for each type of primary production. The correct calculation of the volume of work 


rr P 


1,00 


of Expense in Work in Process 


e 
42 
e 
G4 
o 
o 
a 
eo 
> 
O 
o 
00 
d 
fa 
M 
<< 
"d 
2 
& 
a0 
ri 
o 
= 


in process helps to distribute it uniformly over all stages of production. 


cess at the beginning of the year was 40 million rubles, and the special tooling. 
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amounted to 30 million rubles, At the end of the plan year, the work in process is 


established in the amount of 50 million rubles and the special tooling in the amount 
of 40 million rubles. In this case, the planned gross production of the enterprise 


will be 


Machining 
Assembling 

Total for Plant 
Weighted Average 
Cost-Growth Factor 


Casting 
Testing 


B= 100+50—40 +40—30=120 mitsion RUBLES 


Designation of Shop 


E E s A det cu STAT . 
The gross production may be less than the finislied production if the enverprise, 
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because of the removal of an object from production, has put out a finished product 


by using existing work in process. 
Section 5. The Subcontracting P 


The labor cost of the production program depends to a considerable extent on the 
amount of subcontracting. The more extensively subcontracting is used, the more 
specialized will be the production and the smaller will be the list of work to be 
performed. In order to express properly in the production plan the labor cost of the 
production program, the work prescribed by the plan for subcontracting must be taken 
into account. In preparing this plan one is guided, on the one hand, by the State 
plan assignment and by the backlog of orders for work for other enterprises and, on 
the other hand, by the schedules of the department of the chief technologist and 
chief metallurgist indicating the parts and finished components for outside procure- 
ment. In addition to these schedules, the department of the chief metallurgist also 
prepares a balance of castings and forgings. The balance shows the requirements of 
the enterprise for castings and forgings which may be fabricated by the enterprise 
itself, and the items-list, number and weight of the workpieces to be procured from 
other enterprises. All orders entering into the subcontracting plan are calculated 


according to quantity, cost and dates of performance. 


Section 6. Calculation of the Productive Capacity of an Enterprise 


By productive capacity of an enterprise we mean its maximum capacity of pro- 
ducing finished products with the use of progressive techniques and technology, ad- 
vanced methods of organization of production and labor, complete and efficient uti- 
lization of the equipment, productive areas, materials and working time. 

The productive capacity of an enterprise depends not only on its technical 
equipment, but also, to an enormous extent, on the creative activity of the collec- 


tive. on the skill of the in utilizing the technique, in improving the tech- 
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nology, and in making use of the latest achievements of science and advanced exper- 
ience. 

The value of the productive capacity is expressed in units of finished product. 
The calendar period for which the value of the productive capacity is established is 
the year. The maximum possible volume of production that can be produced by an en- 
terprise during the course of the plan year is calculated on the basis of: 

1) The product list and the quantitative relation of the forms of production 
whose output is prescribed by the technical-industrial-financial plan; 

2) The number of units of installed equipment, taking account of the equipment 
to be introduced and removed; in this case, all equipment of the enterprise is con- 
sidered as installed, regardless of its condition, whether operating, in repair, 
awalting installation, or temporarily disassembled; 

3) The total time of utilization of the equipment and areas at the maximum num- 
ber of shifts and the maximum allowable load on the equipment, taking account of the 
time losses for planned maintenance and for setup of the equipment; 

L) The labor cost of the production to be put out, calculated according to pro- 
gressive standards and allowing for the planned growth of labor productivity factor; 

5) The proportionality in the productive capacity of the production facilities 
and maintenance of their uniform loading. 

The productive capacity of an enterprise is established on the basis of the 
maximum throughput capacity of the leading shops. In aircraft construction, the 
leading shops are the ON and assembly shops. On change-over to 
welded aircraft structures, the welding shops will also be included among the lead- 
ing shops. 

In calculating the productive capacity, the basis must be the directives of the 
19th Congress of the Communist Party USSR, which condemned the practice of determin- 
ing the productive capacity of enterprises by equating it to the production "bottle- 


necks", and also condemned the use of excessively low standards of equipment TA ete 
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Change in Volume o 
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ivity in calculating the productive capacity, as well as the establishment of stand- 
ards of labor cost of products without taking account of advanced technology and of 
more improved methods of labor organization. | 

The productive capacity of a socialist enterprise is always being increased, 
owing to the steady growth of equipment, the improved organization of production, 
and the increased qualifications of the personnel. 

An important factor in increasing the productive capacity is the growth of ex- 
tensive and intensive utilization of equipment and productive areas. 


Extensiveness of utilization of equipment is expressed by the time of its oper- 
ation. To increase the extensiveness of utilization of equipment, its idle time 
must be reduced, and its uninterrupted utilization must be assured during the course 
of the shift, if possible without having to be set up again from shift to shift. 
This is accomplished by high-grade technical servicing of the work stations, by 
high-grade maintenance and care for the equipment, by increasing labor discipline, 
and by correct planning of production. 

Intensive utilization of the equipment is expressed by the amount of its yield 
or product in unit time, In order to increase the yield of equipment in unit time, 
maximum mechanization of the process and modernization of the equipment is neces- 
sary, together with improvement in its tooling, in the methods of manufacturing the 
product, and in the method of operative-calendar planning of production, 

Intensive utilization of areas is accomplished by rational location of the 
equipment, by reducing unnecessary passages and stores, by straightening the flow 
of production, by using overhead conveyors, by mechanizing and conveyorizing the 
assembly work, and by organizing the work on a wide front. 

Intensive utilization of equipment and areas promotes improvement in the quali- 
fications of the personnel and wide use of advanced experience, elimination of spoil- 
age, and use of — output standards. 


, : STAT 
The productive capacity of an enterprise must not be confused with its product- 
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ive program and its output standard. The former defines the maximum possible output 
of products by an enterprise under the conditions of high-efficiency organization. 
The latter indicates the planned assignment for the enterprise with respect to the 
output of finished product. The ratio between the amount of product indicated in the 
program and the amount of product that could be manufactured by the enterprise shows 


the degree of utilization of its productive capacity. Every effort must be made to 


have the program provide for the fullest possible utilization of productive capaci- 


«ties. 


The output standard shows the amount of product that can be taken from the 
equipment by the operator at the given level of technique, organization of production 
and labor. 

To find the degree of utilization of the production capacity of an enterprise 
under a given program, the utilization of equipment and productive area is calcu- 
lated. 


Calculation of Utilization of Equipment. 
gram of production of the gross product with its labor cost must be broken down by 


To perform this calculation, the pro- 


kinds of work, data on the products list, and amount of existing equipment, broken 
down into kinds, capacities and sizes, the progressive standards of output of pro- 
duct per unit of equipment and productive area, and the coefficients of utilization 
of the equipment, of overfulfillment of the existing standards by forms of work and 
equipment, and also the planned growth of labor productivity factor. 

The required quantity of equipment is calculated on the basis of its maximum 
throughput. This reduces down to finding whether it is possible to manufacture the 
amount of gross. product prescribed by the production program on the existing equip- 
ment. 

To answer this question, a balance must be set up for each form of work and the 


form of equipment corresponding to it, in which the labor cost of the program for 


gross production in standard-hours Tp is equal to the actual annual fund of equip- 
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ment operating time F allowing for the average coefficient of overfulfillment of 


act? 


the standard Ko u by the operators for the given type of work, and also allowing for 


o the growth factor of productivity of labor Koel in the plan year. Nominal and actual 
equipment operating times are distinguished. The actual operating time is shorter 
than the nominal time by the time of the planned maintenance of the equipment. 


The amount of equipment N q necessary to fulfill the program is determined by 


q 
the formula 


en: A 
eq K o.s. + Kp.) | 
e (14 eto i) 


The annual actual fund of operating time of the unit of equipment Fact is taken 


as equal to 


where D is the number of working days per year; 


S is the number of working shifts per day; 


H is the number of working hours per shift, taking account of the shortened 


work day on days before rest days and before holidays; 


Ki is the coefficient of idle time of the equipment for planned maintenance 


(from 2 to 5%). 


The utilization of equipment is estimated separately for each shop and for each 


of its production sections. The differentiated calculation by production sections 


allows a more complete utilization of the equipment, detection of bottle necks, and 


redistribution of the work in cases where some sections are overloaded and others 


underloaded. 


The technique of calculating the throughput of equipment depends on the form of 


organization of the production section. 


On production lines, the pace of output of the production line is first estab- 


lished, and, in accordance with the duration of the operations of the line, the 


STAT 
coefficient of utilization of the equipment, and the required amount of equipment, 


are determined for each operation. 


STAT 
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Fund of operating time 
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Losses during maintenance 
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a) in percent 


Working fund of time 
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Coefficient of equipment 


Shortage of machine- 


Excess of machine-hours 
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On non-line production sections, the technique of calculation depends on the 


uniformity of the parts assigned to the section. 


If one or several uniform groups of typical parts are assigned to the section, 


then the calculation of the productive capacity of the section is made according to 


typical representatives. 


If parts of different kinds are assigned to the production section, then the 


productiye capacity of the section is estimated by adding the labor cost of the parts 


Further, for each group of 


according to types of work or to types of equipment. 


equipment of the same type, its throughput is calculated, An example of the calcu- 


lation of throughput of the equipment of a machine shop is given in Table 62. The 


load must be so planned as to utilize, completely and uniformly, each type of equip- 


ment. 


The required productive area is calculated on the basis of the maximum possible 


yield of product per square meter of productive area. 


o The area of the shop is divided into productive and auxiliary areas. 


Productive area is the area directly occupied by the work stations of the pro- 


ductive sections of the shop. For each type of equipment, there is a standard of 


productive area. 


Auxiliary area is an area occupied by auxiliary workshops, stockrooms, office 


and personnel rooms, aisles, and corridors. The dimensions of the auxiliary area 
are calculated from the standards, or are taken at a definite percentage of the 


productive area. An attempt must be made to increase the productive area at the 


expense of the auxiliary area and to plan most rationally the arrangement of the 


work stations in the productive area. 


The size of the area of the processing shops is determined by the formula 


.K 
F, = P, d P = Nus SJ ws. (ies) 


where F, is the total area of the shop, in m^; STAT 


Fp is the productive area, in m4; 
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Fix is the auxiliary area, in m2; 
Nr. g is the number of work stations in the shop; 


fw.s is the average area per work station, in m?; 


K is the ratio of the auxiliary area of the shop to the productive area, 


expressed in %, 


The si 
Size of the area in the assembly shops Pus is determined by the formula 
A 
* + Fay 
D.S.H (1-5) 


100 
where A is the number of articles, multiplied by the area necessary for the assembly 


= 
as 


of the finished product and multiplied by the duration of the assembly of 
this finished product; 


D is the number of working days in the planned period; 
S is the number of shifts in the working day; 


H is the duration of the shift, in hours; 


E is the coefficient of time loss for Planned maintenance of both area and 


equipment (usually 2 - 3%), 


In order to determine the coefficient of utilization of the area of an assembly 


Shop, the assigned program must be compared with the throughput capacity of the shop 


with idas to areas, expressing them in one and the same units of measurement 


For this purpose the Table below is prepared (Table 63). 


From this Table, the following equation can be derived: 


Nf. Cy =F, D.S.H (i— 4) 


The results of calculating the throughput capacity of the equipment and the 


productive areas are reflected in the balance of utilization of the productive 


capacity of the enterprise, which is established with a breakdown by shops, forms 
» 3 


The balance helps to detect the bottlenecks of the enter- 
prise and eliminate them, © 


of work, and equipment. 
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Section 7. Distribution of Output by Months and Procedure for Initiating Orders for 
Its Manufacture 


The production list, quantity, and periods of output of the finished product, 
indicated in the production program, must completely correspond to the State assign- 


ment. 


Table 63 
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On distributing the output of finished product over the months of the year, the 


quarterly assignments and the dates of filling the individual orders, are used as 
guides, as well as the time necessary for the technological preparation for produc- 
tion. The distribution of the output of finished product by quarters and months is 
reflected in the calendar plan. 


At an aircraft construction enterprise, the planning and production department 


and the central accounting office prepare an individual outside order for the shops 


for each form commodity production. This order indicates the deadline for the per- 


formance of the work and the limit of funds that may be expended by the shop to fill 


the order. 


The costs of fabricating the tooling, maintenance of equipment and oie a 


nal work are finalized by internal orders. 
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The order constitutes the basis, for the shop or service, of the performance of 
the work and of the expenses connected with filling the order. The orders are is- 


sued to the shops by type of finished products and by series of their output, 


Section 8, Gross Turnover and Internal Plant Turnover 


The article, before becoming a finished product, passes through various shops 
during the process of its manufacture; for each of these shops, it is at first work 
in process and then only becomes finished production. Consequently, the article 
Will be taken into account, and valued as gross production of a shop, as many times 


as there are shops through which it passes. For example, a forging valued at 


50 rubles passes through three shops, the forging, machining, and assembly shops. 
It is therefore reflected in the composition of the gross production of the forging, 


machining, and assembly shops. In this way, the value of the forging will enter 


three times into the gross turnover and will amount to the sum of 50 x 3 = 150 rubles 


while it will figure only once in the gross production of the enterprise, as the 


Lj 


sum of 50 rubles. In this case, the sum of the gross turnover has exceeded the sum 


of the gross production by 150 - 50 = 100 rubles. This difference constitutes the 
internal plant turnover. Starting from these differences, the following definition 


of gross turnover and internal plant turnover may be given: 

Ihe gross turnover of an enterprise is the amount of total production of all 
shops of the enterprise. The fewer the shops through which an article passes, the 
smaller will be the gross turnover. 


Ihe internal plant turnover is the difference between the amount of gross turn- 


over and the'amount of gross production. 


The internal plant turnover indicates the 
value of the products of the individual shops, and the number of times this value 
is repeated in the gross turnover of the enterprise. An attempt must be made at 
reducing the discrepancy between the amount of gross turnover and the amount of 


gross production. 
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Section 9. tab ent of the Production Progr t the Shops of t te 


The production program of the primary producing shops are established by the 
planning and production department of the plant for each quarter and month on the 
basis of the summary calendar plan of output of production, taking into consideration 
the data on the actual fulfillment of the program during the past month (or quarter). 

The production program of a shop is prepared taking account of the specializa- 
tion of the shop to perform certain work, so as to make maximum use of the qualifi- 
cations of the personnel, the equipment and the area of the shop, and to shorten the 
manufacturing cycle of the product. 

Starting from the State assignment, the program of output is first established 
for the product testing shop, then for the assembly shops, then for the processing 
shops, and finally for the fabricating shops. The program of each shop is coordi- 
nated with the program of the other shops adjoining it and prescribes the dates of 
output of finished product and the necessary lead. Table 6) gives an example of 
the calculation of the program of a machine shop. 

For the shops of the auxiliary production, the program established is such as 
to ensure the uninterrupted operation of the shops of the primary production, and 
the necessary lead in the yield of tooling or equipment by them. The program of a 
shop of the auxiliary production prescribes: 1) establishment and maintenance at 
the assigned level, in the primary producing shops, of stocks of tools; 2) estab- 
lishment of a planned reserve of productive capacity (5 - 10%) to fill urgent or- 
for instance due to modification in the tooling drawings; 3) fabrication of 


ders, 


tools for the shops of the auxiliary production and for the servicing systems. 


Section 10. Record and Analysis of the Utilization of Fixed Assets and of the 


Fulfillment of the Production Program 


The utilization of fixed assets is determined from the data of the iia ES; 


operative, and accounting record, 
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The record of idle time of the equipment for maintenance is kept on the basis 
of the graphs of planned preventive maintenance and of the reports of the shop ma- 
chinists. 

The record of work in progress is kept from the work orders or route sheets, 
verified by the shop inspection office. The data of this record are refined by in- 
ventories taken monthly or quarterly in the shops. The record of finished production 
is kept on the invoices of delivery of finished production or on the statements of 
acceptance of the production signed by the purchaser. 

The utilization of equipment (Table 65) and of the productive capacities is 
analyzed to detect unutilized reserves according to the following basic indices: 

1. The output of gross production (in wholesale prices as of July 1,1955) per 
1000 rubles of fixed assets, per machine, and per square meter of productive area. 
These indices are calculated by dividing the sum of the gross production in whole- 
sale prices by the value of the fixed assets » by the number of units of equipment 5 
and by the productive area of the enterprise, Such indices permit establishing the 
degree to which the technical-industrial-financial plan has provided for the growth 
of utilization of the existing productive capacity, and permit the comparison and 
evaluation of the work of enterprises » Shops and sections producing analogous y Or 
even different, products. 

2. The amount of the fixed assets per workman. This index is calculated by 
dividing the amount of fixed assets by the payroll number of the workman. 

3. The average percentage of equipment loading by types of equipment: forging- 
stamping, machine-tool, etc. i 

The analysis of the fulfillment of the production program is made by quantity, 
quality, completeness of sets, assortment and rhythmic character of output, and with 
respect to the fulfillment of the subcontracting plan. 

The analysis of the plan for output of finished products begins with a cue 


TAT 
son of the technical-industrial-financial plan with the amount of finished production 
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` the overfulfillment of the plan for defense production, if it proceeds on account of 


actually produced, To know the manner in which the fulfillment of the plan has pro- 
ceeded during the course of the year, the output of finished product is analyzed by 
months. Only the finished product and productive services are taken into account. 
The fulfillment of the plan with respect to output of finished product is also an- 
alyzed from the point of view of its influence on the production cost of the product 
and on the financial condition of the enterprise. 
The work in process is analyzed in volume as compared with the established 

standards, and the uniformity of its distribution among the stages of production is 


also determined. The following versions may exist here: 


Versions of Fulfillment of Progress 


< 
Form of p p 5 P E 2 
Produe- | £f E E S E s 
tion fu E © fza e A 
Commod- Over- Over- Fulfill- |Fulfill- |Over- Under- Under- 
ity fulfill-| fulfill-| ment ment fulfill- | fulfill- | fulfill- 
ment ment ment ment ment 
Gross Over- Fulfill-| Over- Fulfill- |Under- Over- Under- 
fulfill-| ment fulfill-| ment fulfill- | fulfill- | fulfill- 
ment ment ment ment ment 


The first four versions indicate the normal flow of production. It must be 
remembered in this connection that, in peacetime, a considerable overfulfillment of 
the plan of gross defense production by an aircraft construction plant is uneconomic 
because the defense product may suddenly be taken out of production, and, in that 


case, the excess work in process will go to the loss of the State. In addition, . 


the additional consumption of funds from the State budget, disturbs the distribution 


of funds established by that budget among the branches of the national economy, An 


aircraft building enterprise is allowed to overfulfill the plan of productiosT aT 


grass nrnduet onlv on areemnt af its own economy and reduction of the expenditures 


STAT 
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per unit of production, 

The fifth version of fulfillment of the program shows that the enterprise (or 
disp) has fulfilled the program of output of the finished product by decreasing the 
work in process to a level below the established standard, This might have hap- 


pened, in particular, owing to the fact that the enterprise did not start up produc- 
3 
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tion in the initial stages of the process due to lack of materials or due to the 
aircraft being taken out of production. The sixth version shows underfulfillment 
of the program of finished modicis. with a great accumulation of work in process. 
This might occur, above all, either owing to the low quality of the work in process, 
di owing to its uneven distribution among the stages of production. The seventh 
version indicates general backwardness of the plant, and the existence of serious 
maladjustments in its operation, l 

The analysis of the fulfillment of the plan with respect to production quality 
consists in finding the volume and value of the rejects and the causes of their 


occurrence, The defects with which the assemblies and finished products are pre- 
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sented to the inspectors are Studied, and attention is paid to the increase or de- 
crease in the number of defects, and to the rapidity with which rejections are elimi- 
nated. The quality of the production of an enterprise is largely characterized by 


the number of claims from purchasers, a study of which helps to discover the flaws 
in the quality of production. 
An analysis of the fulfillment of the plan with respect to assortment (products 


list) allows judging the degree to which the plan has been fulfilled for each form 


of finished production. It is important in this case to identify the finished pro- 


ducts not covered by the plan (Table 66). 


In the example presented in the Table, the enterprise has fulfilled the plan 


with respect to value by 106%. The total volume of output, however, includes 12.4% 


for the product D, which is not prescribed by the plan. Consequently, the enter-  - 


prise has violated the assortment of production, and has not fulfilled the pian. 

The analysis of the fulfillment of the plan with respect to rhythmic output of 
products consists in determining the deviations, by days or ten-day periods of the 
month, of the actual output from the established graph. 

In the record by days, only those days in which the program was not fulfilled 
are noted. For instance, in normal output, the enterprise is obligated to fulfill 
the monthly program to the extent of L% every day. During the course of the month, 
the enterprise violated the established daily output on 8 days. The rhythm of ful- 
fillment of the program by this enterprise is (25 - 8) x 4 = 682. The rhythmic out- 
put of product by ten~day periods is expressed by the amount of production delivered 
in each ten-day period and by the percent of fulfillment of the monthly plan of out- 
put of finished products, by ten-day periods of the month. 

An analysis of the plan with respect to subcontracting makes it possible to 
establish the degree to which the enterprise has observed the set-completeness of 


filling orders and the shipment times of the product to the purchaser. STAT 
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CHAPTER XVIII 
THE PLAN OF TECHNICAL DEVELOPMENT OF THE ENTERPRISE 


The plan of technical development of an enterprise includes the plan of prep- 
aration of production for the output of new products, the plan of introduction of 


new technique, and the plan of organizational-technical measures. 


Section l, Plan of Production Preparation for the Output of New Pr t 


The plan of production preparation for the output of new products determines 
the volume of the work and the funds needed by the enterprise to prepare production e 


for the output of new products in series. 


The new products include items that the given enterprise has not previously 


produced or products already in production whose design has been fundamentally 


modified, thus causing a considerable volume of work at the enterprise in preparing 
production for the series output of the modified product. 

The plan of production preparation consists of a calendar graph of preparation, 
a of the expense for the introduction of the production of a new product, 
and estimates of the depreciation charges on special tools and attachments, and of 
the cost of establishment of stocks of such tooling. 

The estimate of the expense of introducing the production of new products 
prescribes the cnet iis expenditures of the enterprise for the following work*, 


enumerated in the plan-graph of technological preparation of production for the 


* This also includes the pay of the workers doing this work. 
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output of a new product: preparation of working drawings of the product; design of 


the series manufacturing process; design of the special tooling and of the process 


of its fabrication; development and finalizing of the specifications, standards and 
estimates for the product; testing of the materials, semifinished goods, and tools 
for the manufacture of the new product; acquisition or manufacture of the product 
used for testing or as a prototype; replanning, rearrangement, and setup of the 
equipment, except for the work on capital construction; training and retraining of 
the personnel in connection with the production of new products; correction of the 
technical documentation before change-over to series (or mass) output of the new 
product; payment'of outside organizations for technical assistance 3 difference between 
the actual and planned production cost of the first development sample of the pro- 
duct or the first lot of products manufactured during development of the new produc- 
tion; manufacture of experimental models of special tools and special attachments; 
upkeep of the workshops and shops during the period of organization of production, 
0 as well as miscellaneous expenses connected with the development of the manufacture 


of new products. 


The estimate is prepared on the basis of standards, separately for each newly 


developed article. 


The expense computed from the estimate are charged by the enterprise to the 
production cost of the newly developed product. In this case, the expense is 
charged to production cost of series production, allowing for the size of the order, 
the necessity of proportional allocation of the expense to the output of each year, 
and the prospects of recurrence of the product in the orders of future € Usu- 
ally the period of complete amortization of the expenses must not exceed two "m 
from the time of change-over of the production to the series output of the new pro- 
duct. The estimate indicates the extent of the amortization charges against each 


unit of product, and against the entire output of the plan year, and the balanSTAT 


fl 
o unamortized expense carried forward that existed at the beginning of the plan year 
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and which will be carried forward to the year following the plan year. The proced- 
ure for its calculation is similar to the calculation given below for the amortiza- 
tion of the expense for special tooling. On individual orders, the expense for the 
development of a new production is charged directly to the order. 

In the case where the manufacture of the experimental models of the product is 
paid for by the purchaser, their value is included in the commodity and gross output 
of the plant according to the contract-settlement price. 

The estimate of depreciation charges on special-purpose tools and attachments 
provides for expenditure for the manufacture of the special tooling necessary only 
for the production of a given product, for restoration of the special tooling be- 
cause of wear, and for the establishment and maintenance of stocks of special tooling 
at the central and shop tool cribs. The estimate of depreciation charges on tools 
and attachments is calculated in accordance with the consolidated standard estab- 
lished per kilogram of empty weight of the aircraft, since at the time the estimate 
is prepared, no manufacturing process covering the new aircraft is yet in existence, 

The expense is estimated as follows. Starting from the empty weight of the 
aircraft and the priority of the tooling for its series production, the labor cost 
of building the tooling per kilogram of empty weight of the aircraft is found from 
the graph prepared by NIAT (Fig.123). This labor cost, for example, will amount for 
an aircraft of medium class weighing 50 tons, to 55 standard-hours per kilogram and 
for the entire empty weight, in small-lot production, to 50,000 x 55 = 2,750,000 


standard-hours, Knowing the average cost of one standard-hour and multiplying it 


by 2,750,000, the sum of the expense necessary for tooling up the work stations with 


tools.and attachments is obtained. 
The sum provided by the plant estimate of depreciation charges on the special- 


purpose tools and attachments is distributed between the auxiliary and primary pro- 


ducing shops, manufacturing the special tooling. 


The plan estimate 6f the cost of a set of special tooling is determined on the i 


basis of the approved manufacturing process and schedule for special tooling for 
each product, The cost of the special tooling is amortized monthly over a period of 
two years, in accordance with the estimate, approved for each type of product, for 
each year of depreciation. 


a 
Pett ttt ty HAS 


Pa REE SSPE 
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MOS MBE EE 


123 - Approximate Labor Cost for Manufacturing the Tooling 
Per One Kilogram of Empty Weight of the Aircraft 
a) Labor cost of building tooling per kg of empty weight of air- 
craft, in standard hours; b) Empty weight of aircraft, in tons; 
c) For small-lot manufacture; d) For manufacturing with completely 


developed series production 


The following procedure has been adopted for calculating the estimate rate, 
The first case is in question when the expense for special tooling relates to 


an aircraft newly placed in production, For example, the preparation of auton 
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for a new aircraft began 1 June and ended 31 December 1956. During these months, Es 


10,000,000 rubles were spent on building the tooling. The output of aircraft sched- 


uled for 1957 is 40 aircraft and for 1958, 60 aircraft. The cost of building and 


supplementing the special tooling in 1957 will amount to 20,000,000 rubles, and in ` [ 
1958 to another 20,000,000 rubles. Thus the planned expenditures on building special : 
tooling amount to 50,000,000 rubles, From this amount, the cost of the tooling that = | 
can be used for future products, and the scrap value of unused tooling, is deducted. 
This amounts to about 10% of the total amount of the expenditures. The amount of 
the expense to be amortized and charged to the production cost of the commodity out- 
put will be 50,000,000 - 5,000,000 = 45,000,000 rubles. This amount must be amort- 
ized over the output of 100 aircraft in two years. In this case, the rate of amorti- 
zation charged to the production cost of one aircraft will be 45,000,000 : 100 = 

= 450,000 rubles. 

The second case is when the expense for the special tooling is written off on 
the aircraft in series production only one year. In this case, the balance of the 
special expenses carried over to the plan year is taken into account; let us assume 
that it is 10 million rubles, while the plan expense for building tooling during the 
current year is 20 million rubles. Then the total amount of the special expense to 
be written off will be 30 million rubles. From this amount we exclude 10%, which 

is recoverable through the value of. the scrap and the tooling that can be re-used. 

Then the expense to be amortized during the plan year will be 30,000,000 ~ 

- 3,000,000 = 27,000,000 rubles. With a planned output of 100 aircraft a year, the 

special expense will enter into the production cost of the aircraft to the extent 

of 27,000,000 : 100 = 270,000 rubles, If the enterprise does not fulfill the plan 
of output of new production or if the product is taken out of production prematurely, 
the unamortized portion of the expense will be a loss to the enterprise, 

To reduce the estimate rate, one mièt improve the quality and productivity of 


the tooling, plan the list and amount of tooling in strict conformity with the scale 
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of aircraft production, release funds for tooling to the enterprises in conformity 


with the planned percentage of its standardization and carry-over of design. 


Section 2. P or roduction of New T 


In socialist production, the introduction of new techniques and technical pro- 


gress proceeds in a planned manner. 


The planning is done by the enterprise for each 


year. The plan of introduction of new techniques is prepared by the department of 


the chief technologist, with active participation of all technical services. 


The plan of introduction of new technique consists of the following divisions: 
division of standardization and normalization, which contains measures for the in- 
troduction into production of All-Union, industrial branch and plant standards and 
for the normalization of the process tooling and master tooling; division of prepa- 
ration of production, which contains measures for improving the shops of the auxil- 
iary production; division of automation and mechanization, which contains measures 
for the combined mechanization of the productive processes, and above all of the 
heavy and hazardous Work, for automation of the most labor-consuming and mass work; 
division of application of new means and improved methods of technology for each 
form of work (fabricating, machining, etc.). 

Each division contains a concrete list of criteria, indicating the purpose of 
the criterion, where it will be applied, the number of Workmen to be covered by it, 
and the economic advantage expected. l 

Many of the measures included in this plan, before introduction into production, 
demand preliminary investigations, experimental verification, and refinement. For 
this reason, the measures in the plan are divided into current and prospective, Gate 
rent work is done on the measures to be introduced into production in the plan year. 
Such work includes experimental verification of new methods and forms of tooling, 


development of conditions of cutting with new materials » development and testing of 


r ana 


improved methods, replacement of one type of cooling or lubrication by anothe PDA 
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623 , ; STAT 


more economical types The future projects include research on the development of 


of full value. 


The expense for the new technique is financed from several sources: 
1) From the funds released by the State Bank for introduction of the new 
technique; 
2) From the capital outlay covered by the estimate of the enterprise; 
3) From the funds released for the building of special tooling; 
4) From the transfers proposed by the enterprise for the conduct of research 


and experimental work; 


5) For bonus payments to workers of the enterprise for the development and 


| 


introduction of new techniques into production, special funds are pro- 
; vided which are not taken from the wage fund, but are set aside addition- 
ally to the extent of 0.3% of the planned production cost of the product, 
The plan of introduction of new techniques (measures that have passed through 
research and experimental verification) enters as a component part of the plan of 
organizational-technical measures of the plant. 


Section 3. P fO tional-Technical Me. 


The plan of organizational-technical measures combines all the technical- 
organizational and financial measures planned, which are to ensure the fulfillment 
and ovérfulfillment of the economic indices of the technical-industrial-financial 


Plan. This makes the preparation of the organizational-technical plan and its real- 
ization particularly important. 


The organizational-technical plan includes: 
1) Measures to be introduced into production, as a result of the research 


work of the laboratories and departments; 


2) Measures provided by the plan of introduction of new techniques; 
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3) Measures of the shops, departments and services for improving production 
and introducing advanced methods of production and labor; 

L) Inventive and rationalizing suggestions by the workers of the enterprise; 

5) Suggestions envisaged by the decisions of the production conferences, to 
examine the income and expense statement, and resulting from a technical- 
economic analysis of the operation of the enterprise. 

The plan includes measures favorably affecting the profitable operation of pro- 
duction in the plan and subsequent periods, 

All the work on the preparation and realization of the organizational-technical 
plan is subordinate to the introduction and development of new techniques, to the 
improvement of the organization of production and the widespread application of ad- 
vanced methods of labor, with the object of reducing the production cost. 
| Procedure for Working out the Plan. The more workers of the enterprise take 
part in working out the plan of organizational-technical measures and the more con- 
| e crete suggestions are received from them for improving the operation of the enter- 


| prise, the more thoroughly and the more comprehensively will it be possible to dis- 


| cover the reserves of production. The preparation of the plan of organizational- 


technical measures is directed by the chief engineer or, at his designation, by the 


chief technologist; the planning and production department prepares the initial in- 


dices, The chief engineer determines the problems to be solved by each shop, ser- 


vice, and department with respect to lowering the standards of consumption of raw 


materials, working materials, fuel, and electric power, the use of progressive stand- 


ards and the reduction of the labor costs of the products, the better utilization of 
1 


equipment and areas, the cutting of overhead; next, he establishes for each shop, 


service, and department the control assignments for the economy of fünds and the 


lowering of the labor cost, work spoilage, and overhead and other expense per unit 


t put out. 
of product put ou STAT 


Starting from these instructions, the services and departments prepare the 


STAT 
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A 


draft plan of organizational-technical measures by shops. 
For example, the departments of the chief technologist and chief metallurgist, 


equipment of the process technology; the department of labor and wages, cover meas- 
ures for the introduction of advanced methods of work, for rationalization of labor 
and introduction of progressive technical time standards; the production department 
covers measures for the organization of rhythmic operation, the shortening of the 
cycle, and the increase in the equipment load; the department of financing and mar- 
keting covers measures for speeding up the turnover of working capital, for shorten- 
ing the cycle of realization of production, and for putting the finances of the 
enterprise on a sound basis. In this case, the effectiveness of each measure is 
indicated, All these plans are summarized by the chief technologist, together with 
the other functional departments, into a draft of the plantwide plan of 
organizational-technical measures, and this draft plan is then forwarded to the 
shops for refinement, discussion, and extension. In the Shops, the draft plan is 
put into more concrete form and is supplemented by their own suggestions. Fora 


better discussion of the plan, the technological and other offices of the shop 


usually prepare a schedule of themes on concrete questions that should be decided 


_by inventors and rationalizers. The administration of the shop, with the active 


assistance of the Party, Labor-union and communist youth organizations, using all 
means’ of mass propaganda and agitation, bring the indices and measures ‘of the plan 
home to each foreman, workman, and employee, who actively discuss the plan and sup- 
plement it with their own suggestions. The shop administration is obligated to 
provide the workmen with constant technical consultation. After discussion of the 
plan, the specified measures are assigned to definite persons for execution, the 
deadlines for each measure are set, and the savings from the realization of the 
plan measures ae refined in. physical units and monetary units. In this way, the 


organizational and technical plan of the shop, whose form is shown in Table 67, is 
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Table 67 


Plan of Organizational-Technical Measures of Shop for 1957 
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of Introduction of Measures to End of 1957 


Planned Reduction of Expense according to Program, from Time 
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Table 68 


Summary Plan of Organizational-Technical Measures 


Planned Reduction of Expense from Time of Intro- 


duction of Measure to End of Year 


Designation of 


Measures 


Planned Period, 
in Thousand 


a definite article 
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Total for product A 


Total for product B 


Total under Division I 


II, Measures of plantwide 


character 


Total under Division II 


Total for Plant 


e © 


established. The plan, refined and augmented in the shop, is transmitted to the 
planning department which, in collaboration with other departments, verifies the 
conformity of the shop plan with the control figures, refines the effectiveness of 
the proposed service, coordinates the deadlines and the personnel that is to carry 
out the measures to be performed by several shops jointly. The master plan of the 
enterprise is then prepared, together with the total estimate of the expense of 
carrying it out, indicating the expected effectiveness. Table 68 shows the form of 
the master plan. 

The measures indicated in the plan are distributed by the planning and produc- 
tion department among the quarters and months to each subdivision; the additions 
reflecting the new elements yielded by advanced practice and science are introduced 
monthly into the plan. 

ln the shop plan, the measures are classified into those improving the design 
of the product, the manufacturing process and means of its manufacture, epaian 
of production, labor conditions, and safety practice. 

In the master plan, the measures are classified into measures pertaining to a 
definite product and measures of plantwide character. 

Áccording to effectiveness, the measures are divided into three groups. The 
first group includes measures whose effectiveness is established by direct calcula- 
tion and which are expressed in a definite money-saving per part, per machine tool, 
per hour of work, or per any other unit of measurement. For instance, the saving 
of material per part may be expressed by the weight of the material saved and then 
converted into monetary terms. 

The second group includes measures whose effectiveness cannot be directly cal- 
culated. For example, measures for improving the illumination of the work stations 
and for providing enclosures of hazard zones. The effectiveness of such measures is 


manifested only indirectly in the shop, in the form of improved labor productSTAT- 


and fewer accidents. 
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The third group includes measures whose economic effectiveness is manifested 
only at the consumers, For instance, increasing the mechanical strength of a tool 
may cause an increased expense to the enterprise manufacturing this tool. But the 
same measure, at the enterprises consuming this tool, will lead to an improved qual- 
ity of processing and to an increase in labor productivity. 

The procedure for calculating the effectiveness of measures has been established 
by the "Instructions for Compensations for Inventions, Technical Improvements and 
Rationalizing Measures", 

The calculation of the effectiveness of the introduction of economic and organ- 


izational measures begins with establishing the area of the economic indices in 


SA ee S E APA EU at al MS El AR cl tc lade ike RET CPI 
M 


which the measure will operate directly or indirectly, in order to obtain: reduc- 


tion of cost of raw material and basic material, reduction of labor cost and pro- 
ductive wages, reduction of shop expense and overhead. These changes in the indices 
are expressed in quantitative units. The monetary saving obtained by the measure 

is next calculated. For this purpose, the expense caused by the implementation of 
the measure is subtracted from the gross monetary saving obtained by introduction 

of the measure. 

The monetary savings due to a given measure are classified into actual saving, 
1.8., to the end of the year, nominal annual saving, and amount saved per order. 

lne saving to the end of the year is obtained for the period from the beginning 
of the industrial application of the measure to the end of its utilization during 
the plan year. 

Example. After 1 September in shop No.4, the workman Ivanov used a new method 
of shaping duralumin sheet for ribs, increasing the coefficient of utilization of 
the materials from 75% to 90%. The monthly consumption of material for this group 

. of parts is 1 ton. The cost of 1 ton is 15,000 rubles. The actual saving in ma- 


terial per month is: A 


end of the vear. i.e.. ra 1 Sentember to 31 December amounts to 2250 x L= 


| 


x 15,000 = 2250 rubles. The gross economy to the 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


= 9000 rubles. The cost of putting this suggestion into practice was 2000 rubles. 


In that case, the saving to the end of the year due to the realization of the sug- 


gestion is 9000 - 2000 = 7000 rubles. 


The nominal annual saving is calculated as the net saving obtained from the 


operation of the measure during 12 months from the day of its introduction. If the 


volume of production of the following year is not known when the saving from the 


introduction of the measure is estimated, then it is figured according to the pro- 


ducts manufactured at the end of the current year (fourth quarter). For instance, 


the nominal annual saving from the above suggestion of the workman Ivanov is 


(2250 x 12) - 2000 = 25,000 rubles. 


The saving on the order is calculated if the measure proposed pertains to a 


one-time order. 


In evaluating the economic advantage of a certain measure, the index of its 


recovery period is used. This represents the ratio of the total expense for intro- 


ducing the measure to the sum of the nominal annual saving, and characterizes the 


length of the period during which the expense of realizing the measure will be re- 


covered. For instance, if the cost of realizing a measure is 2000 rubles, and the 


nominal annual saving is 4000 rubles, then the period of recovery of the measure 
2000 
4000 
The effectiveness of a measure is calculated taking into account all economic 


is = 0.5 year. 


indices which are affected, directly or indirectly, by the measure being realized. 


For instance, a change-over to a more productive method of processing leads not 


only to an increase in labor productivity, but also simplifies the work (category) 


and allows a saving in material and a reduction of waste material. If the realiza- 


tion of the proposal yields a reduction in expense for one shop and causes an in- 


crease in expense for another, then the saving is calculated as the difference be- 


tween the saving in one shop and the increase in expense in the other. STAT 


s pertaining to the production as a whole is 


STAT 


Vd (A The annnal savino for 
| B 
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calculated by comparing the annual estimate of expense for production with the annual introduction of the proposed measures into production. 


estimate prepared while taking account of the utilization of the proposals. If the current expense of realizing a measure is less than the Saving received 


The annual saving on suggestions permitting an elimination or reduction of e from it to the end of the plan year, then such expenses are completely charged to 


spoilage is estimated by comparing the cost of the rejected articles before and after the production cost of the plan year. 


application of the suggestion (for comparison, the data on the losses due to spoilage If the current expense for the conduct of a measure is greater than the saving 


Va SEE baa ab ASA Eade HARE RE A ECE 


ur 


for the last six months before introduction of the measure are taken), to be obtained by the end from the calendar year, then such current expenses are not 


` If the suggestion adopted modifies the standards and rates, the enterprise is completely written off at one time, nor are they completely charged directly to pro- 


duction costs, but are amortized in portions during the period of recovery of the 


obligated, from the beginning of the application of the suggestion, to introduce 


costs of the measure, which must not be over two years, In this case, only that 


new standards and rates, extending them to all operations and to all workmen ef- 


fected by the given proposal. For the author of the proposal, the previous stand- part of the expense relating to the plan year is excluded from the total saving to 


ards and rates are maintained in effect for six months from the date of their appli- the end of the year. 


A A eann hn A n e mM UR GRAN 


The operative record and control over the introduction of measures in production 


cation. The difference between the old and new rates are paid to the author on 


¡SABLE AI IO ARA IA dl 


is directed toward achievement of the economic advantage envisaged by the plan. The 


extra-pay sheets. 


PER ume. 
PER ed 


F e Proce for the Cost of Int ing Or tional-Technic record is made by the aid of planning-control cards which are kept for each measure, 


Measures, The costs of introducing technical-economic and organizational measures e Such a card shows the plan and actual periods of performance of the work on the 


preparation for introduction of the measure into production, for each realized 


are divided into capital and current. 
organizational-technical measure. The course of fulfillment of the plan of techni- 


Capital expense goes to the creation of new fixed assets of the enterprise, 
cal economic and organizational measures is periodically discussed by the director 


for instance, the acquisition of new installations , equipment, and transport facil- 


ities; the reconstruction of existing fixed assets, for instance the revamping of or chief engineers and the representatives of the public organizations of the enter- 


prise, 


buildings, or the modernization of equipment. Since capital expense increases the 
value of the fixed assets of the enterprise on its balance Sheet, these expenses 
are included in the plan of capital work, and their financing is handled in accord- 
ance with the approved schedule of objects of capital investment for the given 
enterprise. . l | 

Current expense includes expenses connected with the introduction of proposals 
that do not result is dhángus in the value of the fixed assets. The cost of imple- 
senting such measures is kaken from the funds released for overhead. 


The enterprise as a whole and its shops prepare an estimate of the cost of 


D 
TOT TUTTI Imm st e P rr iem es ni err em re teret e e a D. 
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CHAPTER XIX 
PLAN OF MATERIAL-TECHNICAL SUPPLY 


The planning of the requirements of the enterprise for materials, semifinished 
goods, and finished component articles consists in the preparation of a plan of 
material-technical supply and a subcontracting plan. 
The plan of material-technical supply determines for the year and by quarters, 
the quantity and cost of the primary and auxiliary materials , Semifinished goods, 
finished components, fuel and purchased tools required by the enterprise for ful- 
filling the program and creating the necessary stockpile ensuring timely and complete = 
set supply of the shops. 0 
The plan must correctly reflect the requirements of the enterprise for the 
necessary materials and must take full account of their balances at the central and 
shop warehouses. The calculation of the plan indices is conducted according to 
progressive standards, which take account of the advanced experience and 
organizational-technical measures for shortening the production cycle and for rat- 
ional utilization of the materials, The most important sources of more complete 
utilization of materials are the elimination of spoilage, the use of rational shap- 
ing of sheet material, of precision casting, stamping and other improved methods of 


processing, and of salvage of waste material. 


Section l. Starting Materials 


The starting data for the preparation of the plan are as follows: 


634 
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1) Schedule of the purchased materials , semifinished goods and finished 
components; 

2) Program of starts and output of product in the plan year; 

3) Consumption standards for the primary and auxiliary material and fuel; 

4) Standards for the waste of materials per finished product, taking account 
of possible salvage; 

5) Standards for the carry-over stocks at the beginning and end of the plan 
year; 

6) Plan-applications of the services for auxiliary materials, fuel, etc.; 

7) Price lists for all materials, semifinished goods and finished articles, 
with indication of their prices; 

8) Balances of materials at the warehouses and in the shops at the begin- 
ning of the plan period. 

Guided by the plan of starts and output of products by quarters of the year, 


and by the above-enumerated starting materials, the functional departments calculate 


the requirements of the enterprise for materials. For instance, the department for 


material-technical supply caleulates the requirement of the enterprise for the year 
and by quarters for the primary and auxiliary materials going for the needs of the 
primary production; the department of the chief machinist for metals, lubricants, 
abrasives and other auxiliary materials necessary for the maintenance and prat 
of the equipment; the department of the chief technologist for the materials neces- ' 
sary for the building and maintenance of special tooling. | 

AM applications for materials are made to the department of material technical 
supply; those for semifinished goods and finished articles, to the department of 


subcontracting and cooperation; and those for equipment, to the department of capital 
construction, 


Section 2. P the Reguir ts of the Plant for Mate © ^. STAT 


The requirements of an enterprise for primary materials is calculated in the 
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of starts M by the standard consumption of materials per object M and by the 
consolidated products list by the formula ob» ob? 


coefficient of introduction of materials into production Kim’ 
Ma M, F Mg. p+ M,, pU MEM M, » 
incipal Mop Ny X Mo XK ¡y > 
where Mor is the material required for the annual program of output of the principa 


€ The standard mean stock of materials in the warehouses Mean A is calculated 
products; 


M, p is the material required for spare parts for the principal products; from the formula 


i Mmax — M 
M p is the material required for the growth of the work in process, based on max min 


M man Fay Se mb 2 , 


the program of production starts; where Sen is the emergency reserve whose value depends on the size of the deliv- 


: : : rvici l- 
Maux is the material required for the auxiliary and servicing production wee ered batches, on the distance of the supplier from the plant, and on 
culated on the basis of the standard consumption and the applications of other factors; 
M -M. 


2 


of the shops and services); is the average stock of material at the warehouse brought forward, 


| E : 
| Mnean a 18 the standard of mean stores of material in the stockroom, according equal to half the difference between the standards of maximum and 


! to plan at the end of & planned period; minimum stocks. 


a Mex is the expected balance at the warehouse and in transit at the beginning 


The materials in the expected balance at the stores and in transit are calcu- 


d 
| of the plan period. lated from the formula 


terial required for the annual program of output of the principal pro- 
i dr i M,= Mt Mpa M, 


ducts is calculated from the formula 


A > ee sen FETTE rd sra id Mey 2 AE 
EES ETT E TERA AIST te onc zr i rca P VC ctp qo ESPERE nt mrt Ie ARM S PATET 
EHI RM XA ES aye Edo teneri dT races e Sues SERA s tà is a) > d 


"E 
A 


where M, et is the actual material at the warehouse of the enterprise and in the 


à . M= op X Mop 


D: 


? 


shop stockrooms on 1 October of the report year; 


A RM 


where Nop is the annual program of output of the objects, in pieces; Moa are the planned arrivals from 1 October to the beginning of the plan 


Mob is the standard of material per object. year (data from the delivery contracts); 


i ts is determined 
The requirements for materials for the manufacture of spare parcs is de M, is the assumed consumption of metal during this same period of time. 


i t ingle 
on the basis of the production program and the standards of spare parts poy ae The requirements of the enterprise for auxiliary materials is determined in 


and group sets accordance with the approved standards of their consumption. The quantity of aux- 


M gy. NX Mics 


nRT ae ORGA EN E TE A IDEM 


iliary materials for process purposes is calculated on the basis of the standard 


; i t of 
were EE is thsistanderd cono of ‘materials ioi METAR ene A eiue consumption per aircraft and the number of aircraft to be given inspection and 


. spare parts for a single product. acceptance tests during the course of the year. The technological standard does ! 


The quantity of materials required for the growth of ins work On proresg Wep not include the fuel and lubricant issued to the crew of the purchaser for ^a ling 


ESTAT 


is determined by multiplying the number of product objects prescribed by the program the aircraft. This consumption is finalized according to contract with the pur- 


636 637 STAT 
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The fuel and lub- 
sT 


chaser, and a special stock is allotted for these requirements, j 
1 puesnoyy, ur f4unouy, 
1 


` ricant consumed in experimental tests are likewise issued from special stocks. 


seTqny ur ‘Ten, 
I91n4eN jo uo] sed 9DTAZ 


The requirement for auxiliary materials for operating and housekeeping needs 


suo] uy fuei3oiq uo Ten 


For instance, the re- | 
! Temen jo uopadmsuog 
P > IN Y 


is calculated from the established consumption standards. 
quirement of the enterprise for lubricating oils is found in accordance with the 
amount of equipment, the forms of lubrication, and the standards of oil consumption | 
de unit of equipment. The quantity of materials required for production of the | 
tooling is calculated in accordance with the amount of tooling and the standards 


(2usTRaFnbg eT1o[e2) 


of material consumption for the manufacture of a typical representative of the tool. 
Teng [eUTHON O3 POFETƏY 


The results of the calculation for requirements of the enterprise for primary 
and auxiliary materials are summarized by the department of material-technical 
supply into a yearly plan. This plan is prepared by the balance method. First, 
the requirement by the plant for material for the starts program and the necessary 
carry-over stock for this purpose are determined, after which the sources for meeting 


these requirements are indicated, taking account of the existing resources of mater- 


© 


[ 


ials at the enterprise. 


Table 69 


The requirements of the enterprise for semifinished goods and component (set- 
making) finished articles are found by analogy with the calculation of the require- 


ments for primary materials. Thanks to its thorough specialization and broad sub- 


uredg0Jq 


l contracting, an aircraft enterprise receives numerous blanks, parts, and finished 
$ uo $4194 jo zaqumy 


components from outside and, in turn, performs productive assignments for other 027013 Uo ENUISNUG On 
enterprises, All these items are reflected in the subcontracting plan. On the pue sSup»rog jo Ayrouenp 


prubrI Jo e3xeyo TEOL 


basis of the subcontracting plan, the department of material-technical supply or 


the department of subcontracting places orders with other enterprises and executes 


contracts with them. 


enterprise prepares a plan of collection and delivery of scrap and waste and details 


Designation 
of 
eating Unit 


the assignments for delivery of scrap or waste down to each shop. The assignment 


[i 
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Table 70 


Designation 
of 
Buildings to be Heated 


soTqny up umowy 


seTqny 
ur “uo, zed eoTug 


do Ut aanjzeredie 
2PFSINY eZw€IeAy 


| ur Snc. epTsqng 
Áq 3urprpyng jo eunro/ 


19,200 


156.6 |Moscow 


-8 


Object No ed, 


STAT 


for the casting shops is established on the basis of the furnace-charge balance, and 
for the processing shops on the basis of the material balance. The balance shows 
the difference between the gross and net weights for each form of material, taking 
account of the irrecoverable losses. This difference is the weight of waste, which 
the shop is obligated to collect and deliver. The shops are categorically forbidden 
to mix the wastes of different metals. The standards of waste for each form of 
material per aircraft are calculated by the bureau of material standards of the 
department of the chief technologist. In establishing the planned production cost 
of " machine-set, the value of the waste is excluded from the value of the mater- 


ials,. The collection of scrap and waste in the enterprise is handled by the salvage 


shop or workshop. 


Section 3. P the Plant Requir t 


Fuel is consumed for process purposes and for heating the buildings. 

In determining the requirements of the enterprise for process fuel, the esti- 
mate is based on the amount of equipment, the time of operation on the assigned 
program, and the standard of consumption of nominal fuel per unit of operating time 
or per ton of materials processed. 

Table 69 gives an example of such a calculation for hot shops. 

Table 70 is an example of the calculation of the requirements of the enterprise 
for fuel for heating the buildings. 

The results obtained in calculating the fuel consumption by the shops and ser- 
vices are combined into a summary plan of enterprise fuel requirements by forms of 
fuel, The requirement for electric power is reflected in the balance of electric 
power prepared by the superintendent of power. l 
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CHAPTER XX 
PLAN FOR LABOR AND WAGES 


The plan for labor and wages determines the growth of labor productivity, the 
requirements of the enterprise for workers and their wage fund, the measures ensur- 
ing increased qualification of the personnel and safe conditions of labor. The plan 
for labor and wages must be directedtoward fulfillment and overfulfillment of the 
State assignment for growth of labor productivity, and for the effective utilization 


of labor time and the wage fund. 
Table 71 


For Quarter 


2 


Units of 


For 
Measure- 195... 
ment 


Designation of Indices 


I, Industrial Activity 


Production of growth product per 


payroll workman in wholesale Thousand 

prices of 1 July 1955 Rubles 

Performance of standards by piece 

workers of the primary produc- 

tion - 2 

Labor cost of manufacture of all 

products and separately by all Standard 

forms of products : hrs 

Coverage of work by technically . : 

justified standards % STAT 
STAT 

641 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


For Quarter 


Units of 
Measure- 


Designation of Indices 


Number of industrial productive 
pérsonnel, total and by cate- 
gories 


Average monthly wage separately 
for each category of workers 


Wage fund, general, and 
separately for each category 
of workers 


From the total wage fund, 
compensation for long ser- 
vice, total, and by categor- 
ies of workers 


Rubles 


Administrative and manage- 
ment personnel: 
a) Number (total and 
separately by shops) 
b) Wage fund (total 
and separately by 
shops) 


Men 


Rubles 


Wage fund for nonpayroll 
personnel 


II. Nonindustrial 
activity 


HEX ELI cL L GC MU UAR CM ME P e LELl1l1illiiil rrr iLLLOLRLnaMa GP SMMMLGPÁN SETZE ~ 


(by systems and organi- 
zations) 


The starting materials for the preparation of the plan are the production pro- 
grams, the data on the fulfillment of the labor plan in the period preceding the 
plan period, the standards of labor cost, the plan of organizational and technical 
measures, the State assignment for the growth of labor productivity, and the labor 

- limits. 


Table 71 gives the principal indices of the labor and wage plan. 


642 
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Section l. Planning of Labor Productivity 


The planning of labor productivity consists in the establishment of the plan 
output of product per average payroll workman, the growth of labor productivity in 
the plan period by comparison with the preceding period, and the maintenance of the 
correct ratio of the growth of labor productivity to the growth of wages. In this 
case, account is taken of the rate of technical progress in production of the cur- 
rent stage of development of the series production of the aircraft construction 
enterprise, and the number of aircraft being produced by it. 

The planned output of product per workman for the plant is determined as the 
quotient of the division of the volume of gross production planned for manufacture 
during a definite period by the mean payroll number of workmen for the same period. 

The average index of growth of labor productivity for the enterprise as a 
whole is defined by the formula: 

TAS 10096, 


Kip 


where Op is the output of gross production per average payroll workman during the 
plan period; 
0. is the same in the report period preceding the planned period. 
As an example, we give below a calculation of the growth of labor productivity 


for a plant. 


K 15 909 — 13 333 
X= a. 
Lp 13 333 


: 100 = 19,3%. 

The index of the growth of labor productivity is a controlling factor in the 
labor plan. This index is calculated on the basis of a careful analysis of the l 
reserves for the growth of labor productivity. l 

The planning of the growth of labor productivity and the search for reserves 
of reducing the labor cost per finished article, are given special attention because 


they are the primary factors in the reduction of production cost. ST 


STAT 
643 
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The growth of labor productivity leads to a higher output per unit of labor 
invested, which increases the volume of products put out by the enterprise, and re- 


duces its expense per unit of finished product. 


Report Period Plan Period 


Designation 
of Shop 


Thousand Rubles 
men 


Number of Work- 
Thousand Rubles 
Number of Work- 


Output of Pro- 
Output of Pro- 
duction, in 
Output per 
Workman, in 
Rubles 


duction in 


Shop No.1 


Shop No.2 


For plant 
as a whole 


13,333 | 10,500.0] 660 | 15,909 


The growth of labor productivity decreases the consumption of productive wages 
and the amount of shop and plant overhead per unit of finished product, 

The growth of labor productivity means increasing the yield of product per unit 
of working time from each unit of equipment and from each square meter of productive 
area. This increases the efficiency of the productive assets and at the same time 
reduces the cost of amortization and servicing of equipment and productive area per 
unit of finished product. 

Labor productivity, labor cost of the finished product, and its production cost, 
do not vary in the same degree. This difference mst be taken into account in plan- 
ning the growth of labor productivity, the reduction of labor cost and the produc- 
tion cost of the finished product, 


To compare data for different periods of time, the gross production is’ valued 


at the very same wholesale prices. If the prices vary, the production of the report 


641. 
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period is converted into the prices of the production of the plan period. 

The plan department gives each shop the assignment for the growth of labor pro- 
ductivity, and periodically compares the growth of the average earnings with the 
growth of the average output per workman, maintaining the assigned ratio between the 
planned growth of labor productivity and the wage level. 


Section 2. Classification of Workers of the Enterprise 


The workers of the enterprise are divided into industrial and nonindustrial 
groups» 

Ihe industrial group includes all workers of the enterprise employed in indus- 
trial activity. This group is divided into production personnel and administration 
and management personnel. It includes workmen, engineering-technical workers, em- 
ployees, junior service personnel, trainees, fire fighters, and watchmen. 

The nonindustrial group includes workers employed in serving the physical and 
cultural needs of the enterprise collective. 

The workmen are classified according to plant and shop. 

Áccording to plant, workmen are divided into productive and auxiliary. The 
workmen who perform the technological operations of manufacturing the primary pro- 
ducts of the enterprise are called productive workers. All other workmen belong to 
the category of auxiliary workmen. 

Áccording to shop, workmen are likewise divided into productive and auxiliary. 
The productive workmen include those in the main and auxiliary shops performing 
operations in the direct manufacture of the product of their shop. The remaining 
workmen of the shop, tool grinders, stockroom clerks, inspectors, reject-men, machine 
setters » preparers, distributors, belong to the category of auxiliary workmen. 

The ratio of the number of productive and auxiliary workmen is governed by 


: m 
special standard Tables. STAT 


STAT 
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Section 3. culat the N of Worker t 


To calculate the number of productive workmen, one must know the labor cost of 
the program of primary production, the useful available working time of the workman, 
the manner in which the workmen meet the standard in force, and the assignment for 
the growth of labor productivity in the planned period. 

The labor cost of the program of primary production is composed of the labor 
consumption for the production of the gross product B computed in standard-hours for 
all articles of the plan period, and is calculated by the formula 


1 


where Nop is the number of finished objects of one type according to program, allow- 
ing for spare parts; 
T is the labor cost per object in standard hours, including spare parts; 
H is the change in the balance of work in process, in standard-hours; 
n is the number of types of objects, according to the program, 

The labor cost for an article is calculated in standard-hours, while the enter- 
prise's requirements for workmen is calculated according to the labor cost, expressed 
in man-hours. To pass from the former to the latter, the labor cost of the articles, 
expressed in standard hours, must be divided by the planned coefficients of fulfill- 
ment of the standard. The calculation of the number of workmen required, without 
taking account of their overfulfillment of the current standards, would lead to an 
excessive number of workmen at the enterprise. 

: Workmen's Time Fund. ! 
calendar time fund F,, equal to the total number of calendar days in the year; the 


In planning the workmen's time we distinguish the total 


nominal (regime) working time F,, representing the number of working days per year; 
the schedule time Fach’ representing the working time after deduction of the whole- 
day absences and work stoppages; the planned useful labor time Ep» representing the 
schedule working time after deducting the time of the stoppages between shifts. The 
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Table 72 


Balance of Working Time Per Payroll Workman for 195 o... 


Indexes 


Number of calendar 
days in year, F, 


Number of off and 
holiday nonworking 
days 


Number of working 
days; nominal working 
time, Fn 


Whole-day absences 
from work: 


a) Due to illness 


This includes injuries 


and occupational 
diseases 


b) Leave for family 


reasons 
c) Regular leave 


d) Performance 
of social and 
state obliga- 
tions 


e) Other valid 
reasons 


Total whole-day 
absences 


Scheduled number of 
days of work per 
workman on the aver- 
ages Psch 


314, 


275.6 
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Plan for Year 


Number | In $ of 
of Days | Working 
Time 


100.0 


10.22 30.0 9.77 


89.8 277.0 


STAT 
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and hazardous production conditions; 


Bas for Tear 


112 is the number of hours by which the useful time fund is reduced owing to 


; Number In $ of Number In $ of 3 termination of the working day at 1400 h on the 56 days before holidays 
No, Indexes of Days Working of Days | Working 3 cd i d j E 
Time Time 


and off-days. 


6 Losses of working time To determine the useful time fund of the workmen in the plan year, a balance 
during shifts: 
A) Shorbened words m m hel of workmen's time is prepared from standard Tables and statistical data. In pre- 
day on days before i i ' 
off-days and holi- paring the balance, the possibilities of increasing the useful fund of workmen's 
days time are disclosed. Table 72 gives an example of such a balance. 
b) Pa for nursing 7 9 3 Calculation of the Number of Productive Workmen. We differentiate the payroll 
6) losses due Eo Boor 47 n - complement and the schedule complement of workmen. The payroll complement indicates 
organizati f i 
qu o the number of workers, taken from the time records of the enterprise. The schedule 
Total losses during| 68 23 7.6 complement shows the number of workmen of the enterprise appearing for work every 
shifts shift 
P 
7 ee tine in days, Pn 207.6 67.6 254 82.7 The payroll complement of productive piece workers P,, may be calculated on 
8 Average number of hours 6.03 " 7.33 A ds a consolidated basis by the formula 


of work in day, with re- 
spect to schedule fund 
of time 


9 Utilization of maximum - 75. - 
possible number of hours á e 
of work per workman 


where B is the gross production planned for the year, expressed in standard-hours; 


P 
K; is the planned coefficient of overfulfillment of standards. 


F, is the planned useful fund,of working time; | 
useful fund of time of the workmen is: 
Table 73 gives an example of a consolidated computation for the requirements 
of an enterprise for productive workmen. 
where D is the number of working days per year; (365 days - 52 Sundays - 6 holidays- 
= 307 days); 


The results of the consolidated computation are refined by shops and by occu- 


pations of the productive workmen. ; po 


H is the number of working hours per shift; To calculate the number of productive piece workers by articles and by occupa- 


| 
| 
| 
| 
| FL = DH (1—K1—K,—K;) — 112, 
| 


Ky is the percent of time loss from whole-day absenteeism: 


: tions, two Tables are prepared on the scale of the enterprise, and for each shop. 


> K, is the percent of time loss on stoppage between shifts; The first Table shows the distribution of the labor cost of gross production by 


STAT 


K3 is the percent of time loss on excused hours to minors, nursing mothers y 


e articles and by categories of work (Table 74). 
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Designation of 
Finished Product 


Product No.l 


Product No.2 
(etc.) 


Total for Commodity Pro- 
duction 


To increase Balances of 
Work in process 


Total 


Coefficient of fulfillment 
of current standards attained 


Planned coefficient of ful- 
fillment of current standards 


Planned number of working 
hours taking account of 
planned coefficient of ful- 
fillment of standards 


Planned useful working time 
per workman by time balance 
(time in hours) 


Required (plan) number of 
productive piece workers 


Table 73 


Total Number of Required 
Standard Finished Number of 
Time in Products Standard- 
Hours Per by Plan Hours by 
Finished Production 

Product 
(Average 

Plan) 


9.25 1200 
12 1000 


The second shows tlie distribution of productive workmen by occupations and 


categories (Table 75). 


The number of productive workers employed on time work is determined from a 


computation of the number of work 
The 


stations served by these workmen. 


en employed on standardized work is calculated in 
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the same way as the number of primary production workers. The number of auxiliary 


workmen employed on time work is calculated from the standard Tables and is estab- 


lished according to the schedule of employment and positions. 


Table 74 


Category of Work 


Third Category Fourth Category Fifth Category 


Number of Standard Hours 


Per Unit | For Per Unit| For Per Unit | For 
List of Finished of Fin- of Fin- | Entire | of Fin- Entire 
Products ished Program| ished Program | ished Program 
Product Product Product 
Product A - - 1 60,000 - - 
Product B 2 2000 1 60,000 2 2000 
Total 2000 120,000 2000 
M Table 75 
* o 
Occupa- Number H E 
tion of pn 
Standard E 3 
Hours Moa 
Taking 8 
Account = 
of Over |Y 8 
fulfill- E = 
ment of 3 
Standards | ™ ~ 
Turners 
Turners 9 
(etc. ) 
Grinders ; 40 
(etc.): 
( Table 76 gives an example for calculating the number of auxiliary woSTAT,, 
y 
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To reduce the number of auxiliary workmen, the plan prescribes measures for and eliminating the excessive number of levels in the administration. 


The number of trainees is established by the personnel training plant. 


the mechanization and better organization of labor, the consolidation of production 


sections, and the increase of the servicing standards, 6) 0 The enterprise plans only the total number of workers, including workmen, with- 
| out dividing them into primary production workers and auxiliary workers. The wage 
Table 76 : 
Within the limits of its fund, the enterprise itself 


fund is planned accordingly. 


regulates the ratio of the primary production workers to the auxiliary workers, and 


prs a gar 3 nm 
i SAK Plan, the ratio of the engineering and technical personnel to employees and junior service 
| Bx Allowing 
| odo for personnel, reflecting their numbers and their wage funds in the technical-industrial- 
| 2 E + A| Absences | 
| E RUM financial plan. 
H ay H 3 | 
i 
| 9 | Section 4. Calculation of the Pr W 
| 


Oper- 

| ALONS | The wage fund for the production workmen is calculated on the basis of the data 
| on the labor cost of the program, the average pay-scale category of the work, and 
| the corresponding hourly base pay, taking account of the planned relation between 
i the growth of labor productivity and the growth of wages. 
l 4 3 The approximate proportion of wages for various forms of work in the total wage 
i Machine 
| Setters 2? fund for aircraft manufacture is as follows: 
| Forms of Work Wages in $ of Total 
| Wage Fund 
| Assembly and installation secccscsccee 43 
| The results of the estimat i i 
| l O. e es a es of the number of primary production workmen and | Fabricating and stamping TITTTYTENTEX 17 
| auxiliary workmen for the entire enterprise are summarized in a general Table. : Mechanical and machine-assembling +... 20.5 
The number of engineering-technical workers, employees and junior service per- J i ET welding: PE E EN 6.5 
| sonnel is determined by the standards and the schedule of employment and positions, ; TT NEC 5.6 
a P } 

as a function of the structure of the enterprise administration and on the number | Hot-working coo... Lek 

of primary production workmen. It is of importance to steadily reduce the admin- 6 
i i Other work oocsocoocoococoooooocooooo 
| istrative staff by improving the qualifications of its members , nechanizing the i Total 100 

labor, merging of related occupations, reducing the correspondence and summaries, | ' STAT 

o €? The principal wages of the productive workmen at aircraft building plants in- 
1 
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clude the base pay, extra pay under the progressive-bonus system, and bonuses, 

The wages according to the pay scale are estimated by products, separately for 
standardized (piece) work and unstandardized (time) work, 

The wage fund according to the pay scale of productive piece workers is determ- 
ined on the basis of the program of manufacturing starts and the pay-scale rates per 
article. The pay-scale rate per article on the whole, for the entire plant, is de- 
termined by adding the pay-scale rates for manufacturing the machine-sets of parts, 
for a given article at the shops of the plant. 

The wage fund according to the pay scale for the productive time workers is de- 
termined on the basis of the program of productive starts and the pay by the tariff 
per article. The wage according to the pay scale per article, is determined on tne 
basis of the labor time of the time work per article and the mean hourly pay rate of 
time workmen. 

The wage fund, according to the pay scale, of the productive piece workers LA 
may also be determined in consolidated form: 

a) Per article, as the product of the labor cost of the article, expressed in 
standard hours by the average hourly base pay; 

b) For the annual program, as the product of the labor cost of the gross produc- 
tion of the primary producing unit, expressed in hours B, by the average hourly base 


pay H.: 
W -Be*H 
o c 


The average category p A of work and the average category of the workmen are 
found by the weighted average method, taking &ccount either of the amount of work in 
each category, or of the number of workmen P. In the latter case, the average cate- 
gory of the workmen is found by the formula: 


(PPa) -(Ps-p9)-- - o . 4 (Papa) 
p. $po eei 


651, 


peer eee A AE Rf I sr Ae EE ONT 
- 


8 


Example. According to plan, 1000 workmen are to be placed on unstandardized 
time work. This includes 100 workers of category 2, 200 workmen of category 3, 
300 workmen of category 4, 200 workmen of category 5, and 200 workmen of category 6. 
The average category of the workmen will be 


_ (100-2)-- (20:3) + (300-4)+(200-5) +(200-6) 4,9, 
pe— 100 +200 + 300 +200+200 


If the average category of the workmen so obtained is not a whole number, then 


the corresponding hourly base pay is found by the method of interpolation, starting 


from the hourly base pay rates of two adjoining categories. 
Assume that the base pay of a time worker of category 4 is 169 kopecks and that 


of category 5 is 192 kopecks. Then the hourly base pay of the category in our ex- 


ample is determined as follows: 


192—169—23 kop. 
23-0,2=4.6 kop. 
169+4,6=173,6 kop. 


The basic wage fund of the auxiliary piece workers is estimated by the same 
method as for the production workers. The basic wage fund for the auxiliary workers 


employed in service work and not paid by the piece is calculated by the formula 


Suh F h^ He 


aux’ se 


where P ux is the number of auxiliary workmen in the planned period; 


Foch 23 the scheduled working time in hours; 
sc 


Ho is the average hourly base pay rate. 
The calculation of the basic wage fund of the engineering-technical workers, 


employees, junior service personnel, and trainees is based on the Table of organiza- 


tion established for the enterprise, and the approved pay rates. The salaries have 


a minimum limit and a maximum limit. In planning the pay, the average amounts of the 


salaries for each occupation and category of worker are used as basis. STAT 
The calculation of the basic wage fund for non-payroll personnel covers the 


655 STAT 
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payment for work that cannot be performed by the regular payroll workers, for in- 


stance, payments to lecturers, The non-payroll fund is governed by a special esti- 


mate and calculation. o 
The calculation of the wage fund for the nonindustrial group is finalized in a 
special estimate in which the average wage for each organization and system and its 
total fund are indicated. The calculation is based on indices characterizing the 
amount of work for each nonindustrial system or organization, for instance, in the 
case of kindergartens, on the number of children to be accommodated. 
The calculations on the wage funds are completed by establishing the average 


monthly wage by each category of workers. 


Section 5, Structure of the Total Wage Fund of ap Enterprise 
A 


The total wage fund includes all sums of money paid to workers and trainees of 
an enterprise, whether or not they belong to its payroll (establishment) complement. 
This fund also includes the amounts paid to workers loaned by the enterprise under e 
special contract to other organizations. 

The wage fund does not include one-time bonuses paid to workers out of the 
enterprise fund or from another fund prescribed by law; bonuses for high indices 
ina socialist competition; bonuses and compensation for inventions, technical im- 
provements and rationalization of production; traveling expenses and per diem iie 
ances for duties outside the plant; scholarships for students paid by the enter- 
prise; grants for social insurance and pensions to working pensioners,' paid from 
the social insurance fund; cost of special work clothes, protective devices, and 
antidotes issued by the plant.: 

The total wage fund is divided into basic and additional, 

Ihe basic fund comprises the wages to ssi category of workers of the indus- 
trial group for iine actually worked and includes: wages according to wage scale, 


bonuses (except bonuses from the enterprise fund and bonuses for rationalizing sug- 


AN ANNAN ER 
g M : moe em EE 


656 


| 
| 


a 


gestions), extra pay for night work, for bossing a crew, and for instructing trainees 


in production. 

The additional wage fund includes extra pay for time not worked on production: 
payment for regular and special leave of absences, payment to minors for excused 
hours, extra payment to nursing mothers for excused time to nurse infants, payments 
for the time spent in meeting State and public obligations , and long-service allow- 
ances. 

The additional pay items included in the basic and additional wage funds for 
production workers are calculated directly for the entire volume of production. The 
estimate is made by shops. 

A total of 7.3% of the total wage fund is paid by the enterprise to the State 
social insurance fund, From this fund, allotments are made for payment of benefits 


to the workers of the enterprise during sickness, for payment of pensions to super- 


O md mica 4 ha Wa mue aa eame mm ea SS eR 


annuated workers, and for health resort and sanatorium treatment. 


The tota] wage fund of the industrial group, together with the payments to the 
social insurance fund, is included in the estimate of production and is charged to 


production cost, In calculating production cost, the total wage fund is divided 


into two parts, 
The first part includes the wages of productive workers paid according to the 


wage scale, and the extra payments by the progressive bonus system, as well as the 


Bosh Jer rel dre eligir eed T e SAPE el T 


bonuses, This part of the wages enters directly into the production cost and forms 


an independent item, 

The second part of the total wage fund, together with the payments for social 
insurance, enters the production cost by way of the shop and plant overhead. 

‘The total wage fund of the nonindustrial group and the payments into this fund 


do not enter the production budget and are not charged to the production cost of the 


enterprise, 
STAT 
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Section 6. Planni the Recruiting, Irainin Improvement of t alifica- 2. The manufacturing output,in comparable wholesale prices, per kman 

ti of Per el, P the nditures on Safety Meas : E pr^ pa P piper’ Payrol VOBGIEn: 
Work Protection 

j @ program by the average payroll number of workmen during the plan period. This index 


In accordance with the program and personnel requirements of the enterprise, a 
may be supplemented by the calculation of the manufacturing output per production l 


This index is calculated by dividing the cost of the total product indicated in the 


plan of recruiting and training personnel and of raising their qualifications is 


workmen and per enterprise worker, The latter shows the degree to which the output 


developed. The plan of personnel recruiting indicates the number of workers needed 


of the production workmen is reduced, owing to the presence of a large number of is 


by occupations and shops of the enterprise, and by quarters. 


auxiliary and service workmen and of administrative and management personnel. 


The plan of training and raising the qualifications of personnel specifies the 
The different wholesale prices for one and the same aircraft at different plants M 


system 'of in-service training and the number of workers to be trained by it. In 


has the result that the output per workman in rubles is not always an objective in- 


preparing this plan, the use of the new technique and the planned growth of labor 
i dex of the growth of labor productivity, For this reason, the output in nominal 


TREE SARS 


productivity are taken into account. 
aircraft or articles per workman, or per enterprise worker, is a more objective in- 


E RR et a lt qm on ma 


Considerable sums are allotted to each enterprise for measures on safety, work 


protection, and industrial hygiene. These measures are carried in a separate divis- | xum 
3. The fulfillment of the standards by primary production piece workers, This 


ion of the labor plan, which is worked out, with the active participation of workers 


A 


pentu P P 


index is calculated by dividing the volume of gross production turned out by the 


of the enterprise and of medical personnel, by the department of industrial safety 
primary production unit, in standard hours, by the fund of time of the primary piece 


ji together with a comittee of the trade union, and is a mandatory annex to the col- e | (9 
i l workers who actually worked during the same period, in standard-hours. 


" lective contract. 
l,e The percentage of workmen covered by calculated technical standards. This 


; Section 7. Record an alysis of tne Pulfi t of the Labor P index is found by dividing the labor cost of the work, calculated according to the 


The record and analysis of the fulfillment of the labor plan must ensure timely technical standards, by the total labor cost of the gross production in standard- 
hours, In their reports on fulfillment of the plan, the shops indicate tne distri- 


control over the fulfillment of the indices .on growth of labor productivity, on the 
bution of the piece workers by degree of fulfillment of the standards. 


jj correctness of the wage fund expenditure, and on maintenance of the established re- 
| 5. The power supply, in kilowatt-hours per workman, 


i lation between the growth of labor productivity and the growth of wages. 
This index is calculated by dividing the electric power generated for consump- 


The following economic indices of the labor plan are subject to record and 2 
tion by the average payroll number of workmen. 


analysis: 
6. The shift factor. This index is calculated by dividing the planned or worked 


l. The average payroll number of its category of workers of the enterprise, 
number of man-days in all shifts by the planned or worked number of man-days in the 


and of the engineering-technical workers and employees to the total number of all - greatest shift, respectively». ave 


i 

; showing the percentage ratio of the auxiliary workmen to the production workmen, 
PC ] 

i 

f 

o A For instance, the following number of man-days is planned in the respective 


workmen. 


658 659 STAT 


"nen Mella aif i Panda EN. i a ul nf AAA fi SS RL Moti Pas A MM a d cA An A a E 
9c DA dl rt ta ot hr IR. t t i ANE Sah aA ir Air eS tn Deme 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


shifts: 
Table 77 


First shift 10,000 e 9 

Second shift 9000 Growth Pro- Plan of Gross Production i 

duction Produc- Manufactured in i 

Third shift 8000 Actually tion of 1956, in Percent | 

SSS Manufact- Gross i 
ured in Produc- Of Plan PO 

Total 27,000 1955, in "URN | 

Rubles 1956, in 

27,000 Rubles 


Then the shift factor will be = 270 


10,000 


7. The labor cost of the principal finished product in standard-hours. Total Gross 


————— ba 


120,000 


i Pat Eoscnhosomer meena uci Me M ral tna m 


account of the changes in the level of subcontracting, the structure of production, 


, . Production : | 
8. The average monthly wage of the primary and auxiliary workmen, engineering- | 
i technical workers, and employees. i Table 78 : 
l From these indexes the enterprise performs the control and analysis of the labor | 
1 For 1956 i 
1 plan. 
1 Actual : 
1 T is of the plan labor and es determines the actual level of labor . | 
he analysis o ep on wag ee ioen a EIT 
d productivity attained, the correctness of the utilization of labor power and the Index for 1955 to Plan lute po | 
i Numbers i 
i wage funds in accordance with the indices established by the technical-industrial- e 9 cone Of Plan t 
à | 
E financial plan. 
5 ead f Average payroll 3100 3200 3150 101.6 98.1. 
: The analysis of labor productivity is performed either by comparing the planned complement of | | 
i workmen i 
i and actual output per average payroll workman, or by comparing the planned working i 
P'. Í Total number 900 910 915 101.6 | 100.9 ls 
n time with the actual working time on the production of the gross product. of man-days i 
i l worked by all ; i 
: Under the first method, the volume of the gross production and the amount of workers per | 
i year (in thous- 
i the labor expense of the report period is compared with that of the preceding period eus man- | 
3 in comparable units (for a typical example, see Tables 77 and 78). By comparing 
i Total number of | 7000 7280 7180 102.5 98.6 i 
H the indices of these two Tables, the output is found in time units or in rubles per man-hours worked | 
a by all workers | 
8 average payroll workmen (Table 79) per year, per day, and per hour. per year (in | | 
: ‘ thousands of i 
Upon this comparison, the production output per workman is corrected to take man-hours ) | 
| 
f 
| 


and other factors, 


MIL ws VP s Va rd dl 


The index of labor productivity with respect to output per average payroll 
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workman is a synthetic index reflecting the influence of all factors. 
The index of labor productivity with respect to output per man-hour character- 


izes the quality of the work, ieee, the intensive and productive power of the work, 
Table 79 


For 1956 
Actual 


Actual for According In Ab- | In Percent 


Index 1955 to Plan 
Numbers | Of Pre- 

ceding Of Plan 
Year 


1. Output per aver- | 27,062 35,065 37,234, 137.8 106.1 
age payroll 
workman per 
year, in rubles 
(in prices of 
1 July 1955) 


2. Number of days 267 295 295 104.0 101.1 
worked per 
workman in 
year 


3. Output per 95.3 119 125 132.5 105.0 
man-day in 
rubles 


ET Number of mann . 8.5 10 9,8 » 115,3 98.0 
hours worked 
in day, per 
workman 


5. Output per man- . 11.09 11.90 12.75 115.1 107.1 
hour in rubles, 
at prices of 
1 July 1955 


the know-how, the density of the working time, the growth of the equipment, and the 


mechanization of labor, , It does not, however, reflect the length of the working 


time, i.e., the extensive value of the labor, To establish the degree to which the 


extensive factors, i.e., the change in number of working days per year and in the 


length of the working day, have affected the increase of output, the total labor 


Kee mob E TCI EY 
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productivity must be divided by the value of its intensive productivity. 

The analysis of the fulfillment of the technical time standards is performed by 
product, shops, and workmen!s occupation, In this case, the analysis discloses the 
quality of the standards, their effect on the lowering of the labor cost of the pro- 
duct, and on the growth of labor productivity. 

The analysis of the composition and number of workers of the enterprise is con- 
ducted separately for the industrial and nonindustrial groups and indicates the move- 
ment of the labor force, establishes the causes for the mobility of labor, verifies 
the fulfillment by the enterprise of the plan for recruiting and training personnel, 
and for improving their qualifications. 

The mobility of labor is characterized by the number of workmen engaged and 
discharged during a definite period of time. 

The mobility of the composition of workmen by qualifications is characterized 
by the change in the weighted average payroll category. 

The analysis of the balance of utilization of working time is made to find the 
whole-day and intrashift losses of working time and to work out measures to eliminate 
them. For the analysis of stoppages during a shift, a detailed micromotion study of 
the entire working day of individual workmen, sections, and shops must be periodic- 
ally made. 

The analysis of the expenditure of the wage fund is made by parts of the total 
fund of each category of workers. The saving or overexpenditure of the wage fund 

is established by comparing the fund actually expended with the planned fund (with a 


correction for the fulfillment of the plan of gross production). 


CHAPTER XXI 
PLAN OF PRODUCTION COST OF OUTPUT 


; Section 1. The Law of Value and the Production Cost of Output 


The law of value is not a regulator of socialist production, and its action on 
that production is limited by the social property in the means of production, by the 
law of planned proportional development of the national economy, by the annual and 


Five-Year Plans, and by the economic policy of the Party and State. 


i 

| 

| 

A certain influence exerted by the law of value on the production is due to the 
fact that the consumer products necessary for covering the consumption of labor power 
in the process of production are produced domestically and are realized as commodi- 

| ties subject to the action of the law of value. No material incentive for labor can 
be provided, and no determination of the profit or loss of an enterprise can be made, 

| 


without taking account of the action of the law of value. The influence of this 
law on production gives their topical character to such problems as independent un- 
| subsidized operation, production cost and price, profitability and income. Although 
the derivation of income is not the prime purpose nor the motive force of socialist 
production, accumulation of funds is still necessary to socialist society. They 


serve as a source of expanded socialist reproduction. Consequently, also socialist 


Se ee 


enterprises must be run on a profit basis. The influence of the law of value on 


production increases the profitability of an enterprise. For this reason our enter- 


prises, during the first phase of communism, cannot manage without taking the law of 


value into consideration. The influence of the law of value on aircraft production 
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is manifested in the payment of labor according to its quantity and quality, in inde- 


pendent unsubsidized operation, and in the systematic lowering of the production cost 


of output. The more profitable the enterprises of the defense industry are, the 


smaller will be the expenditures of human, material, and financial resources by the 


dive Ea o ESOS e 


State for solving the problem of defense, and the more funds the State will be able 


Noi Staton 


to shift to other branches of industry for the direct satisfaction of the material 
and cultural needs of the workers of the socialist society. Profitable operation of i 


the defense enterprises is therefore of enormous significance for the development of 


our production. 


SERN TR O ETE 


The socialist national economy is distinguished by the highest form of profita- 
bility, by the constant profitability of the entire socialist production as a whole. 
But this does not eliminate the necessity for profitable operation of individual 
enterprises, On the contrary, the smaller the expenditure of labor, material, and 
financial resources with which an enterprise fulfills its State assignment, the more 
successfully will it solve the general State problems. The amount of the labor, 


material, and financial resources expended by the enterprise per unit of manufactured 


product finds its reflection in its production cost. 


Production cost expresses in terms of money all the expenditures of the enter- 


prise on the production and realization of the output. 


The production cost of the output, like a mirror, reflects the degree of utili- 
zation of the existing technique and the level of that technique, the growth of 
labor productivity attained and the organization of that labor, the effectiveness of 


the utilization of the fixed assets and the rational consumption of the material and 


financial resources, as well as the degree of reduction of overhead, The lower the 


production cost of the output, the higher will be the level of the productive- 


economic activity of the enterprise. 


The 19th Congress of the Party condemmed the anti-State practice of Par 


(A the production cost of the output, in which certain economic leaders limited by their 


STAT 


narrow departmentalized interests and to the detriment of the State interests, arti- 


output, 


ficially build up "reserves" in their plans for the production cost of their 


by raising their standards of consumption of raw material and other materials, and, 


without justification, thus increase the planned labor cost of the finished product. 


The plan for the production cost of the output determines the expenditures of 


production for the gross and finished product, the production cost of newly devel- 


oped production items, and the reduction in the production cost of comparable pro- 


ducts. 
m The basic task of planning production cost consists in a determination and 


utilization of the reserves for increasing labor productivity, and in effecting 


D MATES a 


savings in the material resources and in all other expenses connected with the pro- 


duction and realization of the output. 


The basic data for the preparation of the plan of the production cost of output 


e € ata TTA ye im n 


prre p urere tmp E ar 
vals eee tae eg eee mentee ee 


include: the level of production cost attained by the enterprise during the preced~ 


ing period; the assignment for lowering of the production cost of comparable output; 
the plan of organizational-technical measures; the progressive standards of con- 


sumption of materials and labor per unit of production, and thé standards for over- 


head; and various estimates for individual forms of expense. 


Section 2, Calculation of the Production Cost of Commodity Production and Formula- 


tion of Prices 


Calculation is a method of establishing the production cost per unit of output. 
Calculation must be based on advanced standards of utilization of equipment, labor 


consumption, consumption of materials, fuel, and power, and observance of the 


strictest regime of economy in the expenditures for the management and servicing 


tl 


of production. 


Plan calculation and report calculation are differentiated. 


A plan calculation reflects an assignment on the production cost of the fin- 


o 
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ished product. Aircraft are calculated including the value of a single set of spare 
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parts, airborne instruments, and ground equipment. The expense connected with the 


introduction of modifications or design changes in aircraft is not separately shown 
in the record and is charged to the production cost of the article under the general 
procedure, by the corresponding items of expense in the calculation. Plan calcula- 
Y tions should prescribe a steady decrease of expense per unit of industrial produc- 
| tion. 

y A report calculation determines the actual production cost of output on the 
E. basis of a record of the expenses by items, allows verifying the fulfillment of the | 
plan assignments on production cost and the detection of deviations from the plan 
that have occurred in individual production sectors, 

In the plan and report calculations, the current wholesale price (without the 
turnover tax) for the given form of production is used, and, in cases where the en- 
terprise pays the turnover tax, the current rate of turnover tax is also indicated. 
The 


Plan calculations are prepared for the year, and are broken down by quarters. 


quarterly distribution reflects the dynamics of production and its expenditures 


———————— —— 


during the course of the plan year. Report calculations of actual production cost 
of output are prepared for each series monthly. 


The calculation is performed by the enterprise for each type of finished pro- 


duction and determines its shop, plant, and total production cost. 


The shop production cost of output may be detailed for all cost items, or only 


for those whose magnitude depends on the work of the shop. Calculations taking 
account of the cost of semifinished goods are used in shops only for that form of 
production that leaves the shop as the commodity product of the plant. In such a 
calculation, the shop production cost of a machine-shop part made from a rough forg- 
ing of the forging shop, will include the expenditures of the forging shop on the 
fabrication of rough forging RF, and the expenditures of the machine shop on basic 


wages Wo and on the shop overhead uL T 


¿EEN +O 
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In shops of aircraft construction enterprises, the shop production cost of out- 
put includes only the expenditures by the shop itself but does not include the cost 
of semifinished goods received from supplier shops. In this case, the shop produc- 


tion cost of output is calculated by the formula 
Cs = Wt Os 


At aircraft construction enterprises, in shops with a large product list of 
parts processed, the planning of the production cost consists merely in the prepara- 
tion of estimates of production expense based on the expenses depending on the shop. 
In order to determine the production cost per machine-set by shops, the shop expense 
(for the year or for the quarter) must be divided by the number of machine-sets pro- 
duced during that same period. 

The plant production cost of a unit of finished product includes the expense 
of the enterprise connected with the production of the aircraft and the single set 
of spare parts, board instruments, and ground equipment, and is determined by the 


formula: 
M E a E M LE E M 


where M, is the value of primary materials by wholesale (price-list) prices, less 

the value of the realizable salvage; 

SF is the value of purchased semifinished goods; 

PF is the value of purchased finished components; 

Pg is the expense for development of production of new forms of products; 

CO are depreciation charges for special-purpose tooling; 

SE is a special expense; 

Wo is the basic wage fund of production workmen of the primary producing shops, 
together with the bonuses and progressive extra pay; 


Os is the overhead of the primary producing shops, in percent of the basic 


wage fund of the production workmen per article, without taking account of 
the bonuses and progressive extra pay; 
Op is the plant overhead, in percent of the same fund as in the calculation 


of Os. 
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Fig.12, - Variation in Production Cost of a Passenger Aircraft and in 
the Expense Items of this Production Cost, with the Number of Air- 
craft Produced 
1 - Production cost; 2 - Labor cost; 3 - Wages; 4 - Cost of materials; 
5 - Cost of purchased semifinished goods and finished — 
6 - Shop overhead; 7 - Plant overhead 


a) Production cost, in %; b) Serial number of aircraft 


As will be clear from Fig.12, the production cost of the aircraft, and the 
expense items composing it, are variable quantities both absolutely and relatively. 
They decrease with increasing daily output of aircraft, with increasing mechaniza- 
tion of production, and with the improving organization of production and of labor 
processes, For this reason, the respective contributions of the various forms of 
expense to the production cost of aircraft of different classes are comparable only 


in cases where the scales and rates of production are rouglyy the same. STAT : 
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of the finished product consists of the 


plant production cost C, and the expense of realizing the product or, as it is called 


P 
at the enterprises, the extra-production expense EP, 

The extra-production expense is taken, on the average, as 0.75% of the plant 
production cost, and includes the expease of the enterprise: 

a) For delivering the products at the railroad siding or wharf, including the 
cost of transferring to the railroad car; b) for payment of the railroad freight 
charges or marine freight charges in cases where the prices for the product are 
quoted f.o.b. destination (ship or wharf); c) for research and experimental work and 
work on standardization of the objects; d) for marketing the finished product, in- 
cluding discounts to the marketing organizations; e) for training of personnel. 

As a rule, the railroad freight charges for shipment of the finished product to 
the station of destination are paid for the account of the purchaser, 


The total production cost of the finished production A^ ot is equal to: 


Cot = Cp * EP 


The production cost per unit of output for the planned period is calculated as 
the weighted average obtained by dividing the total cost by the number of products 
prescribed by the production plan during the planned period, 

The valuitis of the finished product at total production cost shows the funds 
being — by the enterprise on the manufacture and realization of the finished 
| products, | 

The wholesale price of the enterprise P for a finished industrial product is 
equal to the total production cost of the output Cot plus the net income of the 
enterprise I, p» planned in aircraft building to the amount of 3% of the total pro- 


duction cost: 


Po * C£ot * Tot 
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The wholesale price guarantees reimbursement to the enterprise for its planned 
expenses and realization of a net income. The rating of the finished production by 
the wholesale catalog prices established for it shows the amount of the funds re- 
ceived by the enterprise for its production. 

The wholesale price is established in such a way as to guarantee a profit of 
3 - 7% of the planned production cost. The profit on production marketed outside the 
branch of industry in question is established at 2 - 3% of the planned production 
cost, 

The net income (profit) of the enterprise is defined as the difference between 
the wholesale prices (without the turnover tax) and the total production cost of the 
production marketed, 

The normal rate of profit of the enterprise m is the percentage ratio of the 


net income of the enterprise to the total production cost of the production marketed, 


= Lot, 
P, = ct 100%. 


tot 

The actual rate of profit of an industrial enterprise is determined on the ; 
basis of the balance-sheet data, taking account of the nonmarketable items of in- 
come, loss, and damage. To increase the profit rate of production, the volume of 
production realized must be increased, or the total production cost of the output 
must be reduced. l 

The wholesale price of the industry Po " includes the wholesale price of the 
enterprise, the surcharge of the marketing organization, and that part of the cen- 
tralized net income of the State that is represented by the turnover tax. The prices 
for the output of branches of industry producing the means of production do not, as 
rule, include the turnover tax. | | 

The reduction of wholesale prices strengthens independent unsubsidized opera- 
tion, intensifies the regime of economy, and creates & material basis for the reduc- 
tion of retail prices. STAT 


A settlement price is established by the enterprise director for products and 
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services for which there are no State prices or tariffs. This price is fixed by 
agreement with the purchaser, but the profit in this case must not exceed 5$ of the 


production cost of the article. 


Section 3. C ification ctio C tation Metho 


The production expenses for the manufacture of the finished product are classi- 
fied according to the methods of charging them to production cost, according to the 
places where they are incurred, according to the volume of output, and by other 
criteria, 

According to the method of charging them to production ccst, expenses are di- 
vided into direct and indirect. 

Direct expenses are standardized per unit of finished product. Each form of 
direct expense constitutes a separate, independent item in the structure of the pro- 
duction cost of finished production, Direct expense includes the following: 

1. Under the item "raw materials and primary materials", the value of primary 
materials and finished articles used generally in industry (fittings, hardware, ball 
bearings). The consumption standards of primary materials for aircraft include: 
primary materials going directly into the manufacture of the aircraft; primary ma- 
terials going into the single set of spare parts, board instruments and ground 
equipment furnished with the aircraft; the primary materials in foundry and heat- 
treatment shops going into technically unavoidable spoilage, up to the established 
percentage. 

2. Under the ite "purchased semifinished goods", the cost of semifinished 
goods acquired under the production cueaniracting procedure, such as forgings, 
stampings, castings, etc.; this item also includes payments for services rendered 
by other enterprises in the partial processing or finishing of the semifinished 
goods. 


3. Under the item "purchased components", the cost of finished components ac- 
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quired under the production subcontracting procedure: instruments, assemblies, con- 


trol and testing equipment, etc. Articles whose cost is not included in the whole- 
sale price of the aircraft and which are paid separately by the purchaser (for in- 


stance, the engine) are not included in the item "purchased components", 


The value of industrial raw materials, materials, purchased semifinished goods, 
and finished components is composed of the invoice value (according to the supplierts 
bills) and the transportation-procurement costs, less the value of salvage realized, 
The transportation-procurement costs include: a) the surcharges paid to the supply 
(marketing) organizations; b) the freight charges with all additional charges; 

c) the charges for unloading and delivering of raw materials and other materials to 
the warehouses of the enterprise, except the wages of permanent warehouse employees; 
d) the cost of maintaining special procurement offices, stockrooms and agencies, 
organized at the point of procurement; e) the cost of detailing personnel to points 
outside the plant for materials procurement; f) the amounts lost by reason of short- 
ages of materials and raw materials occurring in transit, within the limits of ex- 
pected losses, All these expenses are charged to a special account "Transportation- 
procurement expense", and from it, to the extent of a definite percentage (5 - 6%), 
to the cost of primary materials, semifinished goods, and finished components, 
charged monthly to the production cost of gross output. For instance, 60 tons of 
DT-16 sheet, valued at 10,000 rubles a ton, are released to the production of series 
aircraft. Then, with a 6% standard of transportation-procurement expense, 36,000 
rubles of these expenses are added to the total amount of 600,000 rubles charged to 
production for material. The cost of maintaining the supply department and the 
plant stockrooms is charged to. plant overhead. 

4e Under the item "development expense for manufacture of new forms of product", 
the expense for designing a new product and developing the technological process of 


its manufacture, 
STAT 


5. Under the item "depreciation of special-purpose tooling", the amortization 


. 
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of the cost of special tools designed for series or mass production of definite pro- 
ducts’ or used to fill one-time orders. 

6. Under the item "special expense", the cost of running all aircraft tests and 
of maintaining the OER, 

7. Under the item "primary production wages of production workmen", the wages 
of production workmen paid for work done directly on the manufacture of the primary 
product, This includes the wage fund according to the wage scale of production 
workmen, whether on piece rates or time rates, plus the bonuses and extra pay in 
accordance with the progressive bonus system, The other extra payments and wage 
supplements are charged to shop overhead. The planned amount of expense on this 
item is determined on the basis of the approved manufacturing process, the standard 
times and pay rates for a given product, allowing for the plan assignments for the 
reduction of labor cost, 

8. Under the item "crating and packing, the costs of fabricating the crates 
and packing the finished product, if these expenses have not been included in the 
plant production cost, At aircraft construction plants, this item includes the value 
of the crating and the expense of packing single and group sets of spare parts fur- 
nished with the aircraft, as well as spare parts furnished separately. 

The amount of direct expense per unit of finished production of the enterprise 
is calculated from the approved standards and is taken from the corresponding divi- 
sions and estimates of the teclmical-industrial-financial plan. 

Indirect expenses cannot be directly estimated per unit of production, and are 
therefore charged to the prodüction cost of finished production, in proportion to 
the primary wages of the production workmen of the primary production. 

By place of origin, the indirect expenses are divided into shop and plant. The 
shop and plant indirect overhead is charged to the production cost of the output of 
finished production to the production cost of the balance of work in process, and 


to the production cost of services and work for customers. 


Lig mint mete 
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Shop overhead comprises expenses incurred by the shop for management and for 
servicing the productive process. 

The shop overhead of each shop is charged only to the forms of production put 
out by the given shop. The list of account-items of overhead is so prepared that 
the expense for each item can be separately recorded. 

These expenses are reflected in the estimate of shop overhead, which breaks them 
down by cost elements and shows their total amount. Table 80 is an example of such 
an estimate, 

Shop overhead is still high and amounts to 100% or more of the primary wages of 
the production workers of the shop. The shop overhead is divided into the expense 
for maintenance and operation of equipment, general shop expense, and shop expense 
of nonproductive character. 


includes seven items, 


Item 1 covers materials (fuel, power), wages of workmen and payment of services 
for maintenance of equipment, and of other work stations. This item includes: 

a. Expense of establishing production lines and closed production sections and 
for other similar work of noncapital character, 

b. Cost of acquiring lubricants , polishing and other materials, minor units and 
parts replaced, which are necessary for maintaining the productive equipment in op- 
erating condition (furnaces, cupolas, presses, machine tools). These materials and 
parts are used according to the established standards. 

c, Basic and extra wages (includ. 1g bonuses and payments for social insurance) 
of oilers, harness makers; furnace builders, mechanics, electricians, machine setters 
and other workmen employed in servicing and routine checking of equipment condition, 
if these workmen are not production workers. * 

c, Expense for electric power to run the motors, steam for the hammers and 
other equipment, compressed air for the pneumatic tools, boiler make-up water, and 


STAT 


other forms of power used for production purposes. The consumption of power of all 
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Table 80 


Total 


ervices 
o Other 


Expense 


Other 
in Rubles 


Supple-| Cash 


Wage 
ments 


Mater- | Wages 


Designation of Items 


Expense for fuel and power for process purposes 


427861 ,00 
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forms depends on the equipment operating time, which in turn depends on the quantity 
of product turned out by the shop. The consumption of electric power can be calcu- 
lated from the standards of electric power consumption per finished article or, on 

a larger-scale basis, from the equipment operating time during the planned period, 

by the formula 


N. = N inst oSK¡Kz 
a Ks: K, 


, 
where Ning is the installed power of equipment in kilowatts (total power is taken 
from the schedule of all equipment of the shop); 
Fg is the actual annual equipment time fund in hours for single-shift oper- 
ation; 
S is the number of shifts a day; 
Kj is the load factor of the equipment (usually 0.8 - 0.96); 
Ky is the coefficient of simultaneity of operation of the equipment (usu- 
ally 0.6 - 0.7); 
Kj is a coefficient allowing for line losses (taken from the rating plate 
of the equipment and usually equal to 0,96); 


K, is the efficiency of the electric motor (usually 0.85 - 0.9). 


m 

To determine the cost in rubles, the consumption of electric power in, kilowatt- 
hour must be multiplied by the cost of one kilowatt-hour. 

Item 2 covers routine maintenance of productive equipment, transport facili- 
ties and tools (costing 500 bles or more and carried on the capital assets account 
of the enterprise), 

This item includes: 

a. Cost of materials, semifinished goods, and spare parts used by the, shop for 
current maintenance, 

b. Basic and additional wages (with bonuses and social insurance payments) of 
maintenance workmen of the shop. STAT 


c. Payment for work done and services rendered, on current maintenance, for 


4 
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jary workshops of the shop, except that of special tooling. 


the shop by the maintenance, tool and other shops of the plant, or by outside organ- 


4 


The amount of attachments and tools carried on the fixed assets account should 


» 
va 


izations. 
e 


The cost of the materials required for the maintenance is taken not to exceed be such that their value amounts to 10% of the value of the productive equipment. 


20% of the wage fund indicated under b, Depreciation transfers are made in accordance with the established standards, 


The services of the machine-maintenance shop in producing replacement and spare based on original cost of the fixed assets (Table 81). 


parts are planned in accordarice with the plan of current maintenance of equipment 
Table 81 


and are taken in the amount of 5 - 7% of the cost of the equipment. 


Standards of Depreciation in %, 


The costs of repairing the transport facilities are taken in the amount of 2% 
for Operation on 


Forms of Fixed Ássets 
of the cost of such transport means. 


One Shift | Two Shifts | Three Shifts 


Item 3 covers maintenance and expense for operation of the transport facili- 


Power equipment 9.8 


ties, This item includes: 


Operating machines, apparatus, 


power-transmission equipment 12.5 


16.8 


a. Expense of delivery of materials, fuel and semifinished goods to the shop. 


be Expense of delivery of materials, parts, and tools to the work stations and Tools and attachments 
of their pickup from the work stations. 

ited : ES 
c. Expense on the maint ce of the transport facilities of the shop, includ- e No depreciation transfers are made with respect to facilities held in stock 


ing the total wage fund for the drivers, crane operators, and auxiliary workers, (at the warehouse) or in temporary storage. 


de Payment for power, fuel, materials, and spare parts for transport require- Item 5 covers the reimbursement for low-cost and rapidly deteriorating tools 


ments. and the expense of their restoration. This item includes the following expenses: 


The wages of the transport workers, with the wage supplements, are taken from a. Writing off the value of general-purpose low cost and depreciable tools and 


the schedule of their wages. attachments (i.e., implements to be used less than one year and costing up to 500 


The cost of services of the transport shop is taken from the plan calculation rubles). The write-off of these expenses may be made up to 50% of the original val- 


of the production cost of transportation and, in planning, is taken as 35% of the ue at delivery of the tools and attachments from the store to production, The re- 
wages of the transport workers. maining 50% of their value is written off on the basis of full depreciation state- 
Item | covers depreciation of production equipment, tools, measuring instru- menta or pf the inventory data, : 
ments, and transport facilities carried on the fixed assets account (costing 500 b. Basic and supplementary wages and social security deductions for workmen of 


rubles and over and intended for use during a period of not less than one year). the shop in question, employed in tool grinding, maintenance, and restoration of 


No depreciation of special tools is included in this item. the general-purpose low-cost tools: 


c. Cost of materials consumed on maintenance and restoration of low-cos AT 


The. fixed assets include the value of all equipment of the primary and auxil- e 
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general-purpose tools and attachments, The cost of these materials is taken not to 


exceed 10% of the wage fund indicated in paragraph b. 

d. Value of services to other shops in grinding, maintenance, and restoration 
of general-purpose low-cost tools. 

Item 6 covers the additional wages and deductions for social security of pro- 
duction workers; the additional wages also includes long-service bonuses. 

Item 7 covers other shop expenses, calculated according to the standards, 

Ihe shop overhead includes expenses under the following items. 

Item 8 covers the total wage fund of the shop personnel of engineering- 


technical workers, office and bookkeeping clerks, and junior service personnel, with 


the transfers for their social security. The wage fund is taken from the labor 


This same item also includes the wage fund (with the transfers for Social 
security) of these auxiliary workmen not included in the &bove seven items of shop 


overhead, 


Item 9 covers the expense for maintenance of buildings, structures, and inven- 
tory of the shop, including the shop laboratories, stockrooms, and the area and 


approach ways served by the shop. This item also includes the expense of heating 
a 


lighting, and water supply of the buildings and rooms of the shop, the wages of jan- 
itors with &ll supplements, the expense connected with the depreciation and mainten- 
ance of the low-cost and depreciable tools"and housekeeping supplies, 

The cost of lighting is compiled on the basis of the floor space F of the shop 
in square meters, the relative power of the lighting fixt 
time of operation of the lighting fixtures D n d in x pad 

p s, and the cost of one kilowatt- 

hour of electric power for lighting Ckw-hr° 


Wy, 


i E xm 


light i 


The standard consumption of electric power for lighting is usually established 


at 15 watt-hr per square meter of shop area, plus 5% for day lighting. 
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The cost of heating the buildings is calculated by the formula 


VN.D 
= Oo 
Cheat = —_ x Cst 


where V is the volume of buildings heated, in m; 


Ng is the standard consumption of heat per cubic meter of building per hour, 


in kcal; 
Do is the length of heating season, in hours; 
f is the heat value of 1 kg of steam, in kcal; 
Cst is the cost of 1 ton of steam, in rubles. 

For other forms of heating (not by steam), the heat value and the cost of power 
per unit are different, 

The cost of water supply and sewerage is determined from the standard consump- 
tion of water per workman for housekeeping and personal needs - 25 liters per shift 
(in hot shops, 30 liters), for the showers 50 liters, for the cafeteria 10 liters, 
for the settlement 40 liters, For unforeseen needs, 10% of the total consumption. 

The costs of building and housekeeping inventory maintenance and cleaning in- 
clude the total wage fund of the janitors, with all supplements to this fund and 
the cost of the materials for cleaning purposes (rags, chalk, brushes, pails). In 
saiacthantea estimates, the cost of these materials is taken as 3 - 5% of the amount 
of the janitors! wage fund. 

Item 10 covers the expense of routine maintenance of the buildings, structures, 
and housekeeping inventory. These expenses are determined by the estimate prepared 
by the maintenance-construction shop and consist of the cost of materials for rou- 
tine maintenance; the base and additional pay (including the deductions for social 
security payments) of the workmen doing the routine maintenance; the cost of the 


work and services of other shops and systems on routine maintenance of buildings, 


structures, and housekeeping inventory of the shop. STAT 


In ennanlidüated e the cost of routine maintenance of stone, concrete, 


STAT 
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and reinforced-concrete buildings is usually taken as 1 - 1.5% of their overall cost, 
and for frame buildings as 2 - 3%. The cost of routine maintenance of the house- 
keeping inventory is taken as 10$ of the cost of the inventory. 

Item 11 covers the depreciation charges on the shop buildings and structures, 
housekeeping, and productive inventories, The housekeeping and productive inventor- 
ies are carried on fixed assets account in cases where their value is not less than 
500 rubles, or their service life is longer than one year. The depreciation of the 
shop buildings is taken at 2.6% of their sound balance-sheet value, and the depreci- 
ation of the shop inventory at 15% of that value. 

Iten 12 covers the cost of testing, research and development, as well as the 
cost of rationalization and invention, including the wages for the workmen of the 
Shop laboratories, the fees for expert testimony, advice, and consultation, the pur- 
chase cost of chemicals, reagents, etc., the royalties paid to patentees, and the 
bonuses for rationalizing suggestions, 

At the operating enterprise, the expense of maintaining the shop laboratories 
is determined by the standards and estimate of laboratory maintenance, while the 
cost of fat voicing rationalizing suggestions and inventions is determined by the 
plan of technical-economic and organizational measures, 

l In consolidated estimates, the expense of rationalization is taken at 50 rubles 


per year per rationalizer, the number of rationalizers being taken as 50% ofthe num- 


ber of shop workmen. 


Item 13 covers the cost of labor protection. This cost is composed of the cur- 


rent expense for safety measures, the expense for ventilation, for production hygiene 


and sanitary living facilities, for the acquisition of work clothes, protective 


devices, special soaps, and special foods, The sum of these expenses, under the 
conditions of the operating enterprise, are taken from the plans of technical eco- 


nomic and organizational measures of the shops, while for sanitation and hygiene 


they are take &ccordan with the standards and with the number of workmen of 
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the corresponding occupations. 

In consolidated estimates, the sum of the expenses under this item is taken 
as 2% of the base pay of the production workmen, plus 0.3% of the value of the 
equipment, 

Item YU, covers the depreciation of the value of low-cost and perishable house- 
keeping inventory, The calculation is made by analogy to that of the expenses 
covered by item 5. 

Item 15 covers miscellaneous general plant costs, including the cost of quali- 
fication tests of workmen, of the acquisition of drugs for the shop dispensary, etc. 
In consolidated estimates, the sum of the expenses under this item are taken as not 


to exceed 4% of the productive wages of the primary workmen. 


~ 
` 


All the above-mentioned overhead items for the shop are summarized in the esti- 
mate of the total shop overhead, The estimates for all shops of the primary produc- 
tion are combined into a summary estimate of shop expenses of the enterprise. The 
expenses of the auxiliary shops are not included in the summary estimate for the 
plant and are transferred to the cost of production by way of the cost of services 
rendered by the auxiliary shops to the primary producing shops. 

The overhead of a nonproductive character is not planned for the shop and is 
not included in the estimate of its overhead. As these expenses are incurred, they 
are charged to the item "nonproductive shop overhead". and are included in the report 
as losses increasing the actual cost of production of the shop output. These ex-, 
penses include p&yment for idle time due to the fault of the shop, expenses con- 
nected with spoilage and shortages of material values, losses due to unutilized 
production backlogs of parts and units of the primary product, and of unutilized 
tooling of obsolete design (unless paid for by the purchaser). 

A typical example of the distribution of shop overhead by elements of expense 


is presented below: 
STAT 
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and reinforced-concrete buildings is usually taken as 1 - 1.5% of their overall cost, 
and for frame buildings as 2 - 3%. The cost of routine maintenance of the house- 
keeping inventory is taken as 10% of the cost of the inventory. 

Item 11 covers the depreciation charges on the shop buildings and structures, 
housekeeping, and productive inventories, The housekeeping and productive inventor- 
ies are carried on fixed assets account in cases where their value is not less than 
500 rubles, or their service life is longer than one year. The depreciation of the 
shop buildings is taken at 2.6% of their sound balance-sheet value, and the depreci- 
ation of the shop inventory at 15% of that value. 

Item 12 covers the cost of testing, research and development, as well as the 
cost of rationalization and invention, including the wages for the workmen of the 
shop laboratories, the fees for expert testimony, advice, and consultation, the pur- 
chase cost of chemicals, reagents, etc., the royalties paid to patentees, and the 
bonuses for rationalizing suggestions. 

At the operating enterprise, the expense of maintaining the shop laboratories 
is determined by the standards and estimate of laboratory maintenance, while the 
cost of àntrodising rationalizing suggestions and inventions is determined by the 
plan of technical-economic and organizational measures, 

In consolidated estimates, the expense of rationalization is taken at 50 rubles 
per year per rationalizer, the number of rationalizers being taken as 50% of the num- 


ber of shop workmen. 


Item 13 covers the cost of labor protection. This cost is composed of the cur- 


rent expense for safety measures, the expense for ventilation, for production hygiene 


, and sanitary living facilities, for the acquisition of work clothes, protective 
devices, special soaps, and special foods. The sum of these expenses, under the 
conditions of the operating enterprise, are taken from the plans of technical eco- 


nomic and organizational measures of the shops, while for sanitation and hygiene 


` they are taken in accordance with the standards and with the number of workmen of 
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the corresponding occupations, 

In consolidated estimates, the sum of the expenses under this item is taken 
as 25 of the base pay of the production workmen, plus 0.3% of the value of the 
equipment, 

Item L, covers the depreciation of the value of low-cost and perishable house- 
keeping inventory, The calculation is made by analogy to that of the expenses 
covered by item 5. 

Item 15 covers miscellaneous general plant costs, including the cost of quali- 
fication tests of workmen, of the acquisition of drugs for the shop dispensary, etc. 
In consolidated estimates, the sum of the expenses under this item are taken as not 
to exceed 4% of the productive wages of the primary workmen, 

All the above-mentioned overhead items for the shop are summarized in the esti- 
mate of the total shop overhead. The estimates for all shops of the primary produc- 
tion are combined into a summary estimate of shop expenses of the enterprise. The 
expenses of the auxiliary shops are not included in the summary estimate for the 
plant and are transferred to the cost of production by way of the cost of services 


rendered by the auxiliary shops to the primary producing shops. 


Ihe overhead of a nonproductive character is not planned for the shop and is 


not included in the estimate of its overhead, As these expenses are incurred, they 
are charged to the item "nonproductive shop overhead" and are included in the report 
as losses increasing the actual cost of production of the shop output. These ex-, 
penses include payment for idle time due to the fault of the shop, expenses con- 
nected with spoilage and shortages of material values, losses due to unutilized 
production backlogs of parts and units of the primary product, and of unutilized 
tooling of obsolete design (unless paid for by the purchaser). 

A typical example of the distribution of shop overhead by elements of expense 


is presented below: : 
STAT 
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Auxiliary materials cocccessoes B 
Fuel o.oorrcccrrrcorcconccanoss 1013 
Electric power secossccsescsese 806 
Wages covcccccccccccccccceccsse 51 


Supplement to wages for 
social security payments so... 8436 


Depreciation 690602000999000600090 10.9 
Other cash expenses ceccceccssee el 
Services of auxiliary shops +... 2446 


Services of service shops so... — 7.55 


It should be noted, in conclusion, that the existing classification of shop 
overhead is unwieldy; a smaller number of items could be established, thereby simp- 
lifying the planning and record of shop expense. 

Plant overhead comprises the expenses of the enterprise for maintaining the 
plant administration and plant services. 

The plant overhead constitutes a large share of production cost, reaching 50% 
or more of the base pay of production workmen. The plant overhead is subdivided 
into administrative and management, general housekeeping, taxes and deductions, and 
plantwide expense of a nonproductive character. 

The administrative and management cost includes wages for the personnel of the 
plant administration and supplements to those wages; expense of detailing personnel 
outside the plant and their traveling allowances; expense for trips and maintenance 
of light transportation; office expense and postal and telegraph charges; expense 
for maintenance of administrative-management buildings and inventory, and for their 
depreciation; other administrative and management expense (lighting, heating, water 


supply, current repairs). 
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Ihe general housekeeping cost includes the expenses for rent, maintenance, up- 
keep and current maintenance of buildings and inventory of a general productive 
character, for instance plant stockrooms and plant laboratories; for the upkeep of 
fire protection and military protection, including wages; for payment of basic and 
additional wages (and of the transfers for social security) to, or for, workmen 
serving the general plant buildings (except the offices of the plant administration); 
cost of labor protection, production practice, organized recruitment of labor power, 
and training of personnel; expense for inventions and technical improvements (not 
included in the shop estimates); bonuses for saving of electric power and fuel, and 
other general plant expense. 

Fees and deductions include taxes, fees, and other obligatory expenses and de- 
ductions. The amount of these expenses is planned in accordance with established 
standards, 

The expenses for each of these divisions of general plant overhead are calcu- 
lated on the basis of standards and limits. 

Ihe general plant cost of a nonproductive character includes demurrage charges, 
surcharges for "cos p ", other penalties, fines, shortages of materials at plant 
stores, losses from spoilage and damage to materials due to improperly organized 
work; these are not included in the estimate and appear only in the report on the 
general plant overhead which is a loss to the enterprise. 

The general plant overhead is distributed between the primary and auxiliary 
shops in proportion to their basic productive wages or, less often, in proportion to 
the shop production cost. ' 

The general plant overhead includes: 

a) Cost of primary production, turning out finished products and semifinished 
manufactured goods, including mass consumption goods produced from plant wastes; ; 

b) Cost of that part of the auxiliary production done outside the plant, as 


STAT 
well as cost of capital construction, major overhauls, housing and communal services, 
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and the cultural and living needs of the enterprise. 
The general plant overhead for work and services of capital repair is alloted, 


for construction, to the extent of 45% of the wages (according to the wage scale) 


of the workmen employed in major overhaul work, and for installation and fitting 


work, to the extent of 40% of those wages. 


The general plant overhead is reflected in the estimate of expenses for ser- 


vicing and management of production. 


The following is an example of the distribution of general plant overhead by 


elements of expense: 


In $ 


Materíals 090660000060000000006009909009 20) 


Fuel ——————— 0.22 
Electric pOWerY .oecoeovccccececeeeccece 1.28 
4705 


Wages €0000900000000000000900000009 


Supplements to wages for social 
security payments 9$599623290000090 3.6 


0 


Depreciation sooooccssrcrorcrrssssss 605 
Other cash expense seeseccececcccsee 2208 
Services of auxiliary shops ........ 505 
Services of service shops s.oooror.o 10.1 


100 


According to the increase of production output, expenditures are divided into 
proportional (variable) and nominal-constant, = 
[^ i 


variab enditu: are those that increase with increasing 


those that increase with increasing output or with increasing operating hours of the 


equipment. For instance, consumption of fuel, power, tools, and emulsions for pro- 


cess purposes, 


regardless of the amount of product turned out. The nominal-constant expenditures ' 
include the wages for engineering-technical workers, employees, auxiliary workmen, 
expenses for general lighting and heating, management, and other S The com 
pilation in Table 82 shows that, when the shop overfulfills the program, the 


nominal-constant expenditures are a source of savings, while they are a source of 


loss when the shop does not fulfill the program. 


Table 82 


Shop Overhead Expenses (100%) 


of Ful- | Wage fluence of 
fillment | Fund, Variable} Nominal- Nominal-Constant 
of Pro- | in t| (50%) Expenses 
gram Thous- ) 

and 

Rubles 


50 


Section 4. 


edure E z th : 
Servici System to the Cost of 


The expenditures of the auxiliary shops and servicing systems are charged in 
part to the manufacturing cost of their product realized outside the plant, in part 
to the overhead of the primary producing shops, and in part to general plant over- 
head, 

To determine the amount of expense for an auxiliary shop or a service, one must 
prepare an estimate of the overhead, an estimate of the expense, and a schedule of 
their distribution, l | 

The estimate of overhead of an auxiliary shop is analogous, in itens. Apnteimed s 


and in the technique of estimation, to the estimate of overhead of the primary pro- 


Nominal-constant expenditures include those that remain constant in the shop, 


Tto 


Para a, 
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ducing shops. At some enterprises the estimate of overhead is prepared only by the 


auxiliary shops and services putting out varied products or rendering varied services, 


Table 83 
Schedule of Expenses and Distribution of Production of Shops among Consumers 
(in Thousand Rubles) 


Primary Producing 


Elements of Expense Shops 


J "d L l b 

S |an] 8 2 3 

20 € rl o 1 

t2|g8| Ba) ¿y E 

sjan] &*| & 4 
Primary materials 297 | 355; 11830 592 280 | 13 354 
Auxiliary materials 41 98 793 396 1183 | 251t 
Fuel from outside 18| 26 36 806 136 | 1022 
Electric power from outside 1 1 1 26 17 46 
Wages 556 | 748 2 396 5085 4178 | 12963: 
Depreciation 42 55 177 368 313 955 
Amortization 
Other cash outlay 64 | 109 146 107 80 506 
Services of plant shops . 32 76 192 257 128 685 
Semifinished goods produced — 178 545 722 998 | 2443 
by plant 


Shop production cost 
General plant expense 


Total 


Distribution of produc- 
tion by consumers: 
To heat and power shop 
To fabricating shop 
To processing shop 
To assembly shop 
To outside 
To increase balance of 
work in process 


Total 


17 496 


1124 | 2137 


22 600 | 21 901 es 258 


and an estimate is made for each such forme The other shops, in which only one form 


of service is rendered or onlv one product is turned 


i 


out, for example, the boiler or 
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gas generation shops, are limited merely to an estimate of expenses and an estimate 
of the unit of production with respect to the primary expense elements alone. : 

The schedule of expense distribution shows the shops and services among which 
the production to be performed or the services planned are to be distributed, and 
the amount allotted to each. 

Table 83 is an illustration of such a schedule. 

The estimate of the shop expense and the schedule of its distribution is pre- 
pared by the balance method which determines, on the one hand, the volume of produc- 
tion to be put out by the shop or service during the planned year and, on the other 
hand, the shops and services which are to receive this production, and the respective 
amounts allotted to each. The system of distribution of the expense of the auxil- 
iary production among the shops of the primary production is complex. 

Many workers of aircraft enterprises suggest charging the expenses of the auxil- 
iary production directly to the plant production cost of the commodity production, 


which would considerably simplify the recording of production. 


Section 5. General Plant Estimate of Production Cost 


The general plant estimate of production cost shows, in money form, the expend- 
itures of the enterprise during the entire planned period for the production and 
realization of all forms of production, and determines its total production cost, 

The estimate is pierast in two versions, by elements of soe and by kinds of pro- 
duction, which mutually supplement each other and reflect the two methods of planning 
production cost. The agreement of the sums obtained in both versions indicates the 
correctness of their preparation. | , l 

The patinate of production by cost elements is prepared to determine all the 
expenses connected with the industrial-economic: activity of the plant, and to coor- 
dinate the plan on production cost with the other divisions of the technical- 


STAT 


industrial-financial plan. The preparation of the estimate of expense is therefore 
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Table 84, 


Estimate of Production by Elements of Costs 


Cost Item 


Cost of production of 
major productis 


. Proportional share of 


comparable production 


Comparable commodity 
production at production 
cost of past year 


Comparable commodity 
production at planned 
production cost of planned 
year 


Reduction in cost of 
production of comparable 
production of planned year 


Saving due to reduction of 
cost of production of 
comparable production 


Expense of production: 


Raw materials and mater- 
lals, less salvage 


This includes articles, 
semifinished goods and 
services of subcontract- 
ing enterprises 


Auxiliary materials 
Total materials cost 


Expenses on components 
units and complete sets 


whose value is not in- 
cluded in gross production 


Unit of 


Measure- 
ment 


BA 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 
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No. 


10 


13 


Cost Item 


Fuel from outside 
sources 


Power from outside 
sources 


Depreciation of fixed 
assets 


Basic and additional 
wages (including long- 
service supplements) 


Wages for non-payroll 
personnel 


Trensfers for social 
security 


R A 
Other cash expense 


Total of all produc- 
tion cost 


Expenses for services 
and work not entering 
into gross production 


Expenses for work on 
development of manu- 
facture of new products 


Amortization of expense 
of development of man- 
ufacture of new products 


Reserve for payments of 
long-service supple- 
ments (by quarters) 


Total of all expenses 
on gross production 


Change in balances of 
work in process 


Change in balances of 
special tooling 
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Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 
Thousand 


rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 
rubles 


Thousand 


rubles 


Thousand 
rubles 


Thousand 
rubles 
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Unit of By Quarters 
No. |. Cost Item Measure- For 
ment Year III | 1v Se 
Plant production cost of Thousand 
commodity (finished) pro- | rubles : 
duction 
y, Nonproduction cost Thousand i 
rubles 
15 Total production cost of Thousand 
all commodity (finished) | rubles 
production 
16 Value of commodity (fin- | Thousand 
ished) production, at rubles ; 
current wholesale prices 
17 Profit (net income) Thousand 
rubles 
18 Loss Thousand 
rubles 
19 Gross production, at Thousand 
plan prices rubles o» 
20 Work in process, at Thousand me 
plan prices rubles 
based on the summation of the data estimated in the various divisions of the T 


technical-industrial-financial plan, and on the classification of expenses according 

to the corresponding budget items. This classification of expense is the same for 

all branches of industry, In this way, unity of indices of the plan on production 

costs is attained throughout the entire industry, despite the fact that different  _ ! 
methods of estimating the production cost of finished articles are in use in the 

various branches of industry, The estimate of production cost elements determines 

all the expenses of the enterprise in the planned year necessary for fulfillment of |. i 

the annual program of production of the gross output, and for the services not en- 


tering into the composition of the gross output, without distributing these expenses 


E N 
È 
q 


The estimate of production cost, prepared by the method based on kinds of pro- 
duction, permits establishing the production cost of the individual forms of the 
finished products and of all the comparable commodity production, to prepare the 
assignments for the reduction of the production cost of comparable commodity produc- 
tion, and to use these estimates in determining the stockpiles and the wholesale 
prices, The estimate of production cost by forms of commodity and gross production 
is based on the consolidated estimate of all expense by combined elements, on the 
distribution of these expenses by forms of commodity production, and on the changes 
in the balances of their work in process (Table 85). Before preparing this estimate, 
we must have & plan estimate of the production cost of each form of finished produc- 
tion. 

The expenses in this estimate are entered from the dortesbandisig divisions of 
the technical-industrial-financial plan. The cost of the raw stock, the purchased 
semifinished goods, and the finished components is estimated from the manufacturing 
start-ups, after deducting the value of the salvage. The cost of the auxiliary 
materials is taken for all needs of shop and plantwide purpose. The transportation 
and procurement expense is determined after deduction of the value of the services 
of the plant transportation system. 

The value of fuel or power is determined, allowing for the consumption for all 
productive purposes, after deducting the value of the fuel and power delivered to 
outside parties. 

The total depreciation of the fixed assets is determined on the basis of the 
average annual value of all operating fixed productive assets of the enterprise and 
the standard deductions for depreciation as established by the State. The amount 
of depreciation of the fixed assets is taken from the estimates of depreciation de- 
ductions, 


The estimate of depreciation transfers characterizes the amount of depreciation 


STAT 
of the fixed assets of the enterprise. A depreciation fund exists at the enterprise 


among the forms of finished production (Table 8i). 
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: Table 85 
Estimate of Production by Forms of Commodity Production and of Gross Production 
Output of Production in 1957 (Production cost 


according to Items of Estimate per Unit of 
Production in Rubles 


Continuation of previous page 
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Total for comparable produc- 
tion 

1) Noncomparable produc- 

. tion: 


ALO wee aua 


C 
(etc. ) 


2) Services to capital 
construction 


Total for noncomparable 
production 
Total for commodity (fin- 
ished) production | 
Change in volume of work in 
process 
Change in balances of spec- 
ial tooling 


Gross production 
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to provide reimbursement for depreciation of the fixed assets, This fund is formed ~ 
by including, in the production cost of each unit of production, a definite part of 
the value of the fixed assets corresponding to their depreciation, To estimate the 
depreciation fund, one must know the value of the fixed assets at the beginning of 

the plan year, the average annual value of the assets retired during the plan year, 
and the rate of depreciation allowance, 

The value of the fixed assets at the beginning of the plan year is established 


on the basis of the balance sheet, The mean value throughout the year of the fixed - 


Table 86 x 


Period Fixed Fixed Growth of | Number of| Total 
Assets Assets Amount of 
Put Into Retired, Growth of 
Operation in Thous- Fixed 
in Thous- and Rubles | Thousand Assets 
and Rubles (col.4 x 
X col. 5), 
in Thous- 


and Rubles 


November 


December 


assets to be put into operation during the course of the plan year is estimated in- 
accordance with the plan of capital construction and the dates when the fixed assets 
are to be put into operation, The average value throughout the year of the fixed 

assets Scheduled for retirement is established in accordance with the intended dates 


of retirement. Faw man ; 


lding plants, the average rate of annual depreciation 
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transfers is established at 5.5% of the original cost of the capital assets. 
Table 86 is a typical example of an estimate of depreciation transfers. 
In the example, the average growth of the capital assets during the year in the 
plan period is determined as the sum of 


Pm" A AA A A nima ma e 


38,500,000 : 11 = 3,500,000 rubles 


The value of the fixed assets in force at the beginning of the year is added to this 
sum, 

The enterprise makes monthly transfers for depreciation as follows: 

1) To the State Bank, to the extent of about 45% to be used for the capital 
repair of sd aet and buildings of the enterprise, according to estimate; 

2) To the Industrial Bank, to the extent of about 55% for financing capital con- 
struction, 

Other extremely important documents used in preparing the production estimate 
include the estimate of special expense and the plan of reducing the production cost 
of comparable production. 

The estimate of special expense covers the expenditures for running all aircraft 
tests, including the engine tests by the acceptance test commission,the special tests 
of assemblies and instruments if not provided by the manufacturing process of the | 
object; the expense for payment of the fees of expertises and consultations related 
directly to the manufacture of the given articles; the cost of the technological 
documentation (technical descriptions and rules for operation of the finished pro- 
duct); the cost of the fuel and lubricants, and the cost of fueling the aircraft on 
delivery to the purchaser by air; and for enterprises manufacturing products for 
which a warranty period has been established, the cost of maintaining the personnel 
of the operational-maintenance departments of the enterprise, The write-off for 
special expenses is so laid out as to provide for uniform writeoff during oY, course 


of a vear. atartino from the 


ram of output of the finished product in the plan 


STAT 
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the reduction in the production cost of comparable finished production by forms as 
well as the cost elements on whose account the reduction of production cost is 
planned. Comparable finished production includes the production manufactured in the 
plan period, and also that in the period preceding the plan period (this period is 
called the report or base period). The comparability of the finished product is not 
considered impaired, provided its purpose, type, and power remain unchanged. A 
change in the manufacturing process will not impair the comparability. Production 


turned out during the report period only in prototype form or in small lot production, 


is considered incomparable, Products with a long manufacturing cycle, to be turned 
out under the conditions of piece production, are considered comparable if they were 
put out in single pieces during the year preceding the plan year. 

The schedule of comparable production is approved on establishing the plan and 
cost of production, 

The plans, estimates and reports on the cost of production of industrial output 
do not include: expenses connected with the servicing of the accommodations for 
the plant workers (housing system, baths); losses from natural disaster; expenses 
for the upkeep of cultural institutions and for the execution of cultural measures; 
losses on canceled orders, to be written off under the established procedure; other 
losses and damage during the report year and in earlier years; expense of construc- 
um and installation work and of capital repair of buildings and structures; ex- 
penses incurred on account of special funds; losses from spoilage, except for such 
losses in the foundry and heat-treating shops. 

Shortages of commodity material values discovered in taking inventories, if 


their value cannot be recovered from the responsible party, debits on account of 


l shortages, embezzlement and theft of commodity material values on which a court has 


refused to enforce collection, and losses from spoilage during the production of 
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previous years but only discovered in the report year, are to be included in the 
production expense and in the production cost of the product in the given report 


period, regardless of the time of their occurrence. 


Section 6. Technique of Calculating the Wholesale Price of an Aircraft 


The productive process of the enterprise is continuous. It does not begin on 
2 January and does not end on 31 December, For this reason, in preparing the 
technical-industrial-financial plan, the influence of the preceding year on the re- 
sults of the economic activity in the plan year is taken into account, and the in- 
dices of the plan year are estimated, allowing for its influence on the year follow- 
ing the plan year. In preparing the technical-industrial-financial plan of an air- 
craft construction enterprise, the influence of the productive program, which rapidly 
changes during the course of the year, on the quarterly plan indices, are also taken 
into account. In aircraft construction, the wholesale prices for defense production 
are established by agreement with the purchaser. This circumstance, in conjunction 
with the frequent replacement of aircraft in series production, imparts certain 
specific features to the technique of estimating the wholesale price for an aircraft. 
Let us consider the typical example of establishing the wholesale price for an air- 


craft with an annual production program of 100 aircraft. 


Draft Estimate of Wholesale Price for an Aircraft Produced by 


Plant No. ese for 1956%*(see end of Table) 
I. Material Cost 
a. Material Cost per Aircraft 
In Thousand Rubles 


1. Cost of primary materials according to approved 


standards 66eeosececccceoccceccecosceeccccsceoccoso 125 
Transportation-procurement expense (6% of cost STAT 
of materials) 060090600900900000060500600600000090000060 " 7,5 
TAT 
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Cost of raw stock including transportation and procurement 


expense eeeece0cec00000009000069009090000090000000€6600000000000€ 132.5 


Value of waste (3.6% of value of materials withoüt 
transportation and procurement expense) €649009000000000000 heb 


Value of materials with transportation and pro- 
curement expense, after deduction of waste cecccccccscccces 128 


Value of materials allowing for influence of manu- 
facturing stock carried forward €€90e€9000000006000000000099 130 


2. Value of semifinished goods 00909009000000000000009000090000000 25 


Transportation and procurement expense (6% of cost of 
semifinished goods) 90099090000000000000090000000000000000900 1.5 


Cost of semifinished goods, with transportation and 
procurement CXPENSE eecessoscc005c0000900000000000000009000 26.5 


3. Cost of finished purchased components (per specifications, 
in agreement with the purchaser) €90605000000090230900000000600096 175 


Transportation and procurement expense (2% of cost of 
finished components) *6009090000000000906000000009909000000090 3.5 


Cost of finished purchased components, allowing for trans- 
portation and procurement EXPENSE eeeeccccccccceococccecccccecon 178.5 


b. Material Cost over Entire Program 


Manufacturing Total 

Reserve Car- Commod- 
ried Forward ity Pro- 
to 1 Jan 1956 duction 


for 1956 


Number of aircraft, in units 


Value of materials per unit, 
in thousand rubles 


Value of materials for commod- 
ity production, in thousand 
rubles 


^ 


* The figures given are arbitrary, in order to show the technique of calculation, 


Correction, Actual transportation and procurement expense for 1955, for 


materials and semifinished goods, amounted to: 1.6% of their value 


for finished articles 1.55% of their value 
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The program of start-up of commodity production is composed of 80 aircraft to 
be manufactured in 1956, and of 20 aircraft carried over from the previous year. In 
estimating the material cost, it is important to establish the value of the manu- 
facturing reserve of materials, purchased semifinished goods and purchased finished 
components carried over from the previous year to the planned year, and its influence 
on the wholesale price of the aircraft, 

The cost of the manufacturing reserves of materials, purchased semifinished 
goods, and purchased finished components carried over is taken from the accounting 
data, If there are no such data, then the volume and value of the manufacturing 
reserve carried over are determined provisionally. In establishing the wholesale 
price per finished article it is usual at the same time to rate the purchased fin- 
ished components which, at the beginning of the plan year, are in stock in produc- 
tion, in warehouses, and in transit, at the prices which these articles will command 
during the plan year. If, however, no such appraisal has been made, then the in- 
fluence of the value of the carried-over manufacturing reserve on the wholesale price 
of the aircraft must be determined. In our example, only the balance of the stocks 
of material carried over affected the wholesale price of the aircraft, increasing 
it by 2000 rubles. The relative proportion of the material cost and the transporta- 
tion and procurement expense in the plan year is compared with the relative propor- 


tion of the same expenses in the preceding (report) year. 
II. Production Wages 


The production wage fund is calculated for the entire volume of work in process 
for the plan year; for work in process carried over from the preceding year to the 
plan year; and for work in process manufactured in the plan year and entering into 
the output of commodity production of the same year. 

1. Expenses of labor and wages for work in process in the plan rec: In 


our example, the number of nominal aircraft to be manufactured increases every quar- 
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ter, and their labor cost per unit decreases, By far the largest part of the wages 
for work in process enters the cost of commodity production of 1956, and only a 


small part goes to the manufacturing reserve carried forward to 1957. 


. Unit of First | Second | Third {Fourth 
Index Measure- Quarter| Quarter] Quarter|Quarter 
ment 
Labor cost Thousands L0 30 28 26 
of stand- 
ard hours 
Hourly wage rate, per | Rubles and 2.20 2420 2.20 2020 2.20 
wage scale kopecks 
Premium-progressive % 20 20 20 20 20 
wage payment 
Hourly wage rate, Rubles and 2.64 2.6. 2.64 | 2.6% 2e 
counting premium- kopecks = 
progressive payment 
Category of work 408 4.8 4.8 4.8 h.8 
Wages per scale (in- | Thousand 79.2 105.6 79.2 y/ mo 68.6 
cluding bonuses and rubles 
premium-progressive 
payment) per aircraft 
Time work Thousand 1.0 1.0 1.0 1.0 1.0 
standard 
hours 
Hourly rate for Rubles and 2.0 2.0 24,0 2.0 220 
time work kopecks 
Bonus for time work % 35.0 35.0 | 35.0 | 35.0 35.0 
Hourly rate for time | Rubles and 2.70 2.70 2.70 .70 
work, counting bon” kopecks Á xia SE 
uses 
Wage for time work Thousand 2.7 2.7 2 
per aircraft rubles f xi M 
Total production Thousand 81.9 108.3 81.9 6 
wages per aircraft rubles Td ine 
Number of nominal Units 110 20 2 
aircraft , ? = a 
Productive wages for | Thousand 9009 | 2166 2047. 
da a 04765 2301 2495.5 
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2. Labor cost and wages for work in process carried over from 1955 to 1956, 


Labor Cost of Work in 
Process, in Thousand 
Standard-Hours 


Total Wages for Work in 
Process, in Thousand 
Rubles 


Per Nominal | For Total | pen nominal | For Total 
Aircraft Number of Aircraft Number of 
Aircraft Aircraft 


Piece | Time | Piece| Time 
Work Work | Work Work 


Number of Nominal 


Aircraft in Process 


Balance on 

1 January 1956, 
in thousand 
rubles 


1.0 13 


The labor cost and wages for work in process brought forward are established 
from the data of the annual report of the enterprise for the previous year, or pro- 
visionally. These data are necessary for establishing the prices of the commodity 


o production, which includes the work in process from the previous year, 
3. The labor cost and the wages for work in process manufactured in 1956 and 
entering into the commodity production of that same year, 
Labor Cost, Total Wages, in 
£ in Thousand Thousand Rubles 
g Standard-Hours 
uh For Total 
Quarter of E Per Nominal Nen of Per Nominal| For Total 
Plan Year 9 d Aircraft | af Aircraft Number of 
8 Aircraft 
z Piece | Time Piece| Time (Rounded off) 
= |Work |Work Work | Work 
I 40 1 800 20 
II 30 1 750 25 
HI 28 1 756 28 
IV 26 1 390 15 
e. Total for 1956 31 l 88 
STAT 
703 


Consequently, out of the total number of 110 nominal aircraft manufactured in ^ 
1956, only 87 nominal aircraft go into the commodity production of that same year, 


while the other 23 are carried forward to 1957 to provide the commodity output during e 


the first months of the year. 

To determine the total labor cost and production wages for the commodity output 
of aircraft during the plan year, the labor cost and productive wage fund for 13 
nominal aircraft brought forward from 1955 must be added to the labor cost and wages 
for 87 nominal aircraft in 1956. It is this sum that will furnish the labor cost and 
wages for the 1956 commodity production of 100 aircraft, 


4. Labor cost and wages for the commodity production of aircraft in 1956. 


Work in 1956 Expenses | Total |Per Air- 
Process Ensuring craft 
Index Brought Commodity 
Forward Output 
to 
1 Jan 1956 
Serr 
Piece work 45 31 2.8 
in thousand : 
Time standard standard 
per aircraft hours 
1 1 1 
Total 46 32 33.8 
Wages in thousand rubles per 119.7 85.5 
aircraft d ac 
Piece work for total number of 585 2696 3281 - 
aircraft, in thousand standard 
hours ; f 1 
Time work for total number of 13 88 101 * 
aircraft, in thousand standard 
hours 
Total 598 2784, 3382 - 


Wages, in thousand rubles 1556.1 7353 8909.1 
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III. Shop and Plant Overhead 


l. The estimate of shop and plant overhead begins with the application of the 


reference data to the value of these expenses in the report year, 


Overhead, in Thousand Rubles 
Reference Data 


Dm 
1. Actual expense in 1955, less Dd 
nonproductive expense 27,000 12,000 
This amount includes: 
First quarter 6900 3100 
Second quarter 6400 2900 
Third quarter 6300 2800 
Fourth quarter 71,00 3200 


The reference data are then applied to the volume and growth of gross produc- 
tion of the plan year, by comparison with the report year, Such data are necessary 
since many overhead items increase with the eutput of gross production, for instance, 
the overhead expenses connected with operation of the equipment, 

2. Next we compare the volume of gross production in wholesale prices: 

for 1955, 100,000 rubles; 
for 1956, 125,000 rubles; 
growth in %, 25, 

3. The overhead for the plan year is estimated in detail for each item, allow- 

ing for the factors favoring the reduction of overhead and affecting their variation 


with respect to the previous year. The results of the estimates are tabulated. 
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Overhead Adopted 


In Thousand Rubles 


For work in process brought forward 
to 1 Jan 1956 


a) For 13 nominal aircraft 1560 
b) For 1 aircraft 120 
For 87 nominal aircraft manufactured 
in 1956 and entering the commodity 
output of the same year 7353 


Shop and Plant Overhead for Commodity Production of 1956 


Work in 
Item Process Total Per 
Brought Aircraft 
Forward 
to 1 Jan 
1956 
Number of nominal aircraft 13 100 
Amount of production wages, in | 1556.1 7353 8909.1 
thousand rubles 
Amount of shop expense, in 3269 14,706 17,975 ~ 179.8 
thousand rubles 
Shop expense, in.% of pro- 210 200 201.2 
duction wages 
Amount of plant expense, in 1560 7353 8913 89,1 
Thousand rubles 
Plant expense, in % of pro- 100.3 ~ 100 100.1 


duction wages 


In order correctly to establish the percentage of overhead allotted to each 


form of finished product, the total amount of overhead is distributed by forms of 


finished product: 


1) For the production, for which the amount of overhead has been established 


by superior agencies; 
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2) For the production, for which the amount of overhead has been established 
from the data of certain shops and services of the enterprise; 

3) For production, in which not all the services of the aircraft construction 
enterprise participate. 

The production, for which the overhead expense is estimated in an amount es- 
tablished by the State, includes services for major overhaul on construction and in- 
stallation. 

The production, for which the extent of the overhead is estimated from the data 
of the shops, includes that of special tooling, crating, and packing. For instance, 
the overhead applicable to special equipment is taken from the data of the fabrica- 
ting shop, while the overhead for crating and packing is taken from the data of the 
shipping department. In these cases, the extent of the overhead should not be taken 
higher or lower than that existing in these Shops, since this would lead to an over- 
estimation or underestimation of the cost of the special tooling or crating. 

The production not served by all the services of the aircraft construction 
plant includes civilian production and articles of mass consumption. It also in- 
cludes the services that do not enter into the gross production nor into the commod- 
ity production, such as the maintenance of the series-design department, and by far 
the greatest part of the staff of the technological department as well as the over- 
head of the shops not related to the production of civilian products and products 
of mass consumption. The full apportionment of the shop and plant overhead of the 
aircraft construction plant against such production would be incorrect, and would 
artificially increase its cost. The overhead is therefore allocated at lower rates 
to the civilian production, the mass-consumption products, and those not included in. 
the commodity and gross production. After estimating the overhead on these items, 
the remaining amount of overhead is charged to finished defense production. In our 
example, the shop overhead is allocated to this production to the extent of STAT 


and the plant overhead to the a t of 100%. 


The overhead is further distributed 


e 


STAT 
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4. Distribution of Overhead Expense by Plan for 1956 


Overhead o O Shop Expenses Entering | Plant Expenses 
Bonus-Progressive : Wages in| into Commodity Output |Entering into 
Designation of Payment, in Aircraft | Thousand ommodity Output 
Product Quarter Rubles 
Product A 
Group Sets for 
Product A (1 : 10) Uniformity by quarters has been arbi- 
Group Sets for trarily assumed 
Product A (1 : 20) 
Spare Parts, Separate 500 200 500 100 Total for 
for Product A 1956 
Other defense 100 
production 
by quarters, depending on the quarterly productive wage fund (cf. Table in Item h). 
| The production wage fund is planned allowing for the growth of the load of pro- 
| Total 100 duction in the plan period by comparison with its load in the preceding period. In 
| 
| Civilian production 25 cur example, the total productive wage fund in the plan year amounts to 16,900,000 
Articles of mass 
consumption 10 e 9 rubles. The same wage fund in the year 1955 amounted to 15,000,000 rubles. Conse- 
i Other commodit f 
production i quently, the plan provides for a growth of wages by 1,670,000 rubles, or by 11.26%, 
! . 
Special tooling s with a 25% growth of gross production. This indicates the growth of the load of 
Losses from spoilage a : 
| Services for capital 41,8 production, and shows that the growth of labor productivity is in advance of the 
| construction l 95 : l growth of wages, On comparing the indices of the report and plan years, the tight- 
i Work not. entering i 
into gross pro- en ening of the estimated standard times should be taken into account and the corres- 
duction  ' 100 
| Installation expense ponding conversion factors should be used. 
| Crating and packing 
j not entering into IV. Special Expense 
roduction cost of 
; rat A. Special tooling (starting from the standard of writeoff per aircraft) 
i 60 thousand rubles 
; Total 16 900 29 150 172,5 12 150 71,9 ' E E bas 
‘ , e Spec : . 
i A : i In thousand rubles 
| lo Wages for the flight complement eovecoecos0c6000600000 3 STAT 
o Or 2. Fuel and ats $6006000005200000000000€ 5 
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3. Technical documentation secccccscsscccccccccccecccsces 005 
he Upkeep of airfield soccccccecccsscccccscccsccccsccesce 10 
5. Expenses for static tests of units and airframe, etc. 3.5 
C. Other expense (broken down into elements) 


Total special expense per aircraft ...85 thousand rubles 


Special expenses are estimated on the basis of the current standards, specifi- 


VII, Expenses for Flight Services 


Propor- |Amount of Reserve 


Desi 
esignation of Thousand Rubles [tion in % |for Long-Service 


Aircraft 


90.09 
13.91 


9009 
1391 


Group Sets 


Spare parts, 
retail 


5 500 


Other de- 
fense pro- 
duction 


cations for the delivery of production, and estimates, There is no firm technique 
for determining the standards of writeoff of Special tooling, just as in the case 
of building costs, but they are established annually by agreement with the Gosplan 
USSR and the purchaser. l 
Ve Building Costs, Written off in Two Years at a Standard of Writeoff of 
40,000 Rubles per Aircraft. 


VI. Expenses for Crating, Packing and Shipment of Aircraft by Air 4000 Rubles 


710 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


In practice, most aircraft construction enterprises show under this item only l 


the cost of fuel and lubricants, carrying the cost of fabricating the crating and 


packing on the corresponding items of the estimate. 


VIII. Expenses Connected with Loss due to Spoilage 


l. The loss due to spoilage and warranty work, according to the 1955 report, 


amounts to 4.5 thousand rubles per aircraft. 


This includes: 


First quarter, 6000 rubles, 


Second quarter, 5000 rubles, 


Third quarter, 4000 rubles, 


Fourth quarter, 3000 rubles. 


Plan for 1956 per aircraft 960900009000000000000000000000 3000 rubies 


a) for production spoilage €6000000090900005900000000000000 1500 rubles 


b) for maintenance of operating personnel of plant repair 


shop, employed at the purchaser's installations for 


instruction and observation of aircraft operation e.e 1500 rubles. 


On the basis of the above estimates, the wholesale price of the aircraft can 


then be estimated, 


Estimate of Wholesale Price for Aircraft A Produced by Plant No. ... 


in 1956 


Type of Expense Unit of 
Measurement 


Primary materials Thousand rubles 


Semifinished goods Thousand rubles 


Finished components Thousand rubles 


Thousand rubles 


Total material expense 
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a) 


b) 


a) 


Type of Fxpense 


Base pay for productive workers 
Shop expense 

Same 

General plant expense 

Same 

Supplements for long service 


Special expense, 
including special tooling 


Shipment and delivery 
Building cost 


Expense of operational mainten- 
ance personnel 


Loss due to spoilage 

Other expense 

Plant production cost 

Nonproductive expense (0.75%) 

Total production cost 

Planned sinking fund (3%) 
Wholesale price 

Analysis of wages: 


Labor cost for piece work 
Labor cost for time work 


Total hours 


Average category of work 
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Type of Expense Unit of Amount of 


Expense 


Unit of 
Measurement 


Pay rate, per wage scale Rubles and 


Thousand rubles kopecks 


Thousand rubles 


2 


Extra pay by progressive 
bonus system 


Rubles and 
kopecks 


€ 


Rubles and 
kopecks 


Cost per hour 
Thousand rubles 


4 


23 


E Section 7. Re o t of P Pr 
Thousand rubles E 
Thousand rubles E The systematic record and analysis of the productive economic activity assists 
Thousand rubles E E 
E the managers of enterprises in improving the technique, organization, and economy 
Thousand rubles z 
H of production, in timely elimination of possible shortcomings , and in a fuller uti- 
Thousand rubles = 
d lization of the production reserves, for fulfillment and overfulfillment of the 
Thousand rubles 2 
i State plan, 
Thousand rubles a The record of the production cost and the estimate of the actual production cost 
Thousand rubles E of the forms of production should ensure: 
Thousand rubles E a) Timely and complete reflection of the actual expenses in the record; 
Thousand rubles a b) Control over correct utilization of raw materials » production materials, and 
Thousand rubles [ wage funds; 
Thousand rubles 26 a c) Verification of fulfillment of the plans for production cost; 
882 B d) Interpretation of the results of the productive activity of the enterprise, 
: shops, and services. 
. Thousands of 32.8 a The estimates of the production cost of the finished products of aviation tech- 
standard-hours a 
B nology and the record of production expenses are generally kept by series of air- 
Thousands of l E l 
man-hours id craft. Under the series method of record, all production expenses are charged to 
'N 
33.8 s the series, while the report production cost per article is determined by the total 
4.8 b cost for the series, divided by the number of aircraft in the series. STAT 
o Or At present, the norming method of recording is being introduced. This is more 
F STAT 
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convenient and permits an operative regulation of the fulfillment of the plan for 


production cost. The norming method is based on establishing consumption standards 


for all elements of the estimate of each form of production, In this method of cal- : 


culation, two primary documents are used: the labor cost and wage card and the 
chart of applicability of materials. Both documents are adapted for processing and 
grouping the standards at the machine computer station. 

On the basis of the norming documentation, the norm estimates and price lists 
are worked out for all parts, units, and assemblies of the primary products; for the 
commodity units (technological sets) used as planning and recording units in inter- 
shop operative planning; for the machine-sets of the Shops; for the group sets of 
spare parts. In the norming method, a daily record is kept of deviations from the 
Standard expenses for production laid down by the plant, and the causes of these 
deviations are noted. The report estimate, constructed by the norming method, shows 
the expenses under the current standards s the amounts of deviations from the stand- 
ards, the amounts of deviations due to changes in the standards, and the grand total 
expense, i.e., the actual production cost. For proper analysis, the planning and 
recording of the expense must have been conducted under a single classification. 

The actual production cost of the output is determined, under the norming method 
of estimation, by adding to or subtracting from the norm production cost, for each 
item of the estimate, any deviation from the current standards (saving =, excess 
spending *) as.well as the changes made in the standards. 

The enterprise prepares a monthly report on fulfillment of the plan for-produc- 
tion cost, indicating the total production.cost of the entire commodity production 
and of its comparable part, the relative contribution of the comparable production, 
the plans and actual percentage of reduction of production cost and of production 
expense by items of the estimate sheet, 

Table 87 is an example of such an estimate sheet, 


The analysis of the fulfillment of the plan for production cost of output is 
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No. 


Wages 


| 


Primary materials 


Plant-produced semifinished 
goods 


Recoverable Waste (Subtracted) 


Wages, Basic 


Wages, additional 
Supplements to wages 


Development expense for new 
production 


Depreciation of special-purpose 
tools and attachments 
Shop expense 


This includes expense 
connected with operation 
of equipment 

Plant expense 

Loss due to Spoilage 


Nonproductive expense 


Plant production cost of 
comparable commodity production 


Nonproductive expense 


Total production cost of 
ommarable ommod v production 
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Table 87 


Cost of Production of Com- 


in Thousand Rubles 
Cost of Production of Com- | 


parable Commodity Production 


“lin Prices of the Base Year, 


1381,2 
1950,1 


22,7 


1229,2 


61,3 


93,2 


490,9 


321,6 


1982,0 
1004,9 


1090,1 
360,6 
109,8 


9047,3 


99,9 


9147,2 


715 


45,7 


7504,4 


Absolute Saving Due to 
in Thousand Rubles 


cn| Decrease of Costs 


—13,7 
—48,7 
4-268,9 


—486,8 
—255,4 


—286,7 
—287,3 
—109,8 


— 1588,8 


—54,2 


—1642,8 


col.3) 


Savings from Heduction of 


Savings from Reduction o 
Production Cost, in % of 
Production Cost of Compar- 
able Production of Pase 


—l|Year (col.5 : 


—54,2 


—18,0 


oduction Cost, in X of 
tal Production Cost of 
Base Year 
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conducted for each element of the production cost estimate and for the individual Table 88 
items of th t t of the chan 
o e estimate of each form of the article, taking account o e change in D tion From Plan 


the volume of output, and is performed by the method of detecting deviations from 
Designation 
the established standard and the factors determining these deviations in a positive of Product Thousand 


Rubles 
or negative direction. Table 88 Bives an example of the analysis of the production 

cost of the product, for each of its forms. Table 89 is an example of the analysis 

of the fulfillment of the plan to reduce the production cost of the output. The 


analysis is concluded with a recommendation of measures to ensure a further reduction 
in the production cost of the output. 
Section 8, boration of the Plant Assi t D o the Shops ti 
Sections 

The assignments prescribed by the technical-industrial-financial plan of the indices of its plan to each productive department and section, taking account, in so 
enterprise are elaborated and brought down to each shop in the form of a quarterly doing, of the results of their operation during the past month. The primary purpose 
plan. The planning and production department elaborates the data of the quarterly of the economic plan of the department or section is most fully to reveal and utilize 
Plan for the shop for each month, starting from the results of fulfillment of the the internal reserves of production, For this reason, the economic plan of the 
plan for the previous month. department or section includes indices depending only on the results of its own work, 


The activity in each primary production shop is Planned and recorded by the Such indices are: the productive program with respect to commodity production, ex- 


moe 
Te I Ones 


Se 


following economic indices: volume of gross production, expressed in standard- pressed in standard-hours or in standardized wages; the number of production workers; 


UA 


hours or in standardized wages (except the coating, heat-treatment, and shipping the wage fund of production workers, including the bonuses under the progressive 


shops, which have a short production cycle); the volume of the commodity production system; the foremants fund for bonuses to outstanding workmen; the idle time of 


in standard-hours or in standardized wages, and in series estimates by machine-sets, workmen (only in the report); the number of workmen not meeting the standards (only 


VALEO 


assemblies or aircraft; the consumption standards of primary materials by major | in the report); the loss due to spoilage and other losses (only in the report), 


DN 


articles; the output of gross production per workman and per 1000 rubles of fixed The monthly assignment is issued by the superintendent of the shop to the 


assets; the wage fund by categories of workers; the standard consumption of auxil- senior foreman | - 5 days before the beginning of the plan month. The senior fore- 


-= ER "m" mm 
— MÓ— MáÀ ——Ó "A ÓÀ——M a Ve LU n IO A Te me 


iary materials, the depreciation of low-cost inventory and tools; the loss due to man details the technical-economic plan by shifts, and the shift foreman by work 


spoilage (only in the report); the losses and overages of material commodity values | stations, Such concrete indices as production list and number. of parts to be pro- 


(only in the report); the sum of the deviations from the standards of material con- l cessed, and the monthly standard output of product in pieces and in hours, oat 


sumption by principal articles only in the report). The shop, in turn, reduces the 
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brought down to; and specified for, each workman. Such indices become the object 
of the socialist competition among the workmen. In each shop the Party, communist 
youth, and labor union organizations ensure the active participation of the collect- 
ive in the improvement of the plan indices, This active participation of the masses 
is reflected in the discussion of the plans at production conferences, in the speci~ 
fic obligations assumed by each worker of the shift, in rationalizing suggestions, 


and in the dissemination of advanced methods of work. 


Section 9. Fea 


A development enterprise is financed primarily out of the State budget. For 
the planned year, instead of a technical-industrial-financial plan, a schematic plan 
of research and experimental work is prepared, accompanied by a corresponding esti- 
mate of expense, justified by specific calculations, 

The expense estimate is the financial expression of the Schematic plan, It 
reflects all the expense of the development enterprise for Staging the research, 
experimental, designing and productive work during the plan period (Table 90). The 
volume of the work is calculated in standard-hours. The cost of one standard-hour 
is taken from the standard Tables. 

For observance of a regime of economy at the development enterprise, it is 
necessary, on the basis of mechanization and improved organization of labor, to 
reduce systematically the cost of the Standard-hour, the labor cost of the work, 

. the shop and plant overhead, and the expense of primary and auxiliary materials, 

The schematic plan unifies the Schematic of the development design office and 
contains the assignments received by the development design office from the central 
aiii and from the purchasers, the projects advanced by the units of the 
development design office, and those that have been carried over from the plan 'of 
the previous year (Table 91). 


The schematic plan should include projects vital to the national economy; the 
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Table 89 
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Project Plan of Research and Development of Aircraft Construction Enterprise for 195 ... 
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dissipation of forces and resources on numerous projects must not be allowed. The 
plan should ensure complete and uniform utilization of the equipment and personnel 
of the development design office and provide for maximum economy of resources at all 
Stages of the development production. 

For each project, its director prepares a working plan, necessary for the cor- 
rect organization of the work and for the control of its execution. 


Table 92 


Labor Cost and Wages 


Personnel 


1000 Rubles 
1000 Rubles 


Man-Months 


Pay in 1000 
Rubles 


Man-Months 
Wages in 
Man-Months 
Wages in 


Beginning 
Termination 


The preparation of the plan begins with the indication of the content of the 
work, the labor cost, and the wage fund for each stage of the project (Table 92) 

The dates of beginning and end of the Stages are fixed, allowing for the possi- 
bilities of organizing the work on a wide front and the parallel and parallel- 
sequence performance of their parts. This is reflected in the graph or work on the 
project. 

To permit timely Placement of outside order by the department of supply for 
materials, semifinished goods, and finished components required for work on the 
project, a requisition is drawn up indicating the characteristics and the quantity 
required. A similar requisition is made for instruments, equipment, and installa- 
tions. 

To ensure timely issue of orders to the subdivisions of the development ge! 


prise, the plan specifies the work to be performed by the shops, laboratories, etc. 


STAT 
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Table 93 


Estimate of Work on Project 
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This allows the Planning department to determine the load on the development pro- 
duction facilities, laboratories, and teams, and to pinpoint the dates of beginning 
and end of the work on each project. 

The work to be done by outside organizations is enumerated, iss the timely 
placement of outside orders. 


Ihis allows timely placing of orders and finalizing of 


the pertaining contracts, 


For the testing operations, the plan for a project indicates the type of tests, 
the amount of work they involve, and the dates they are to be performed. This allows 
the inspection department, the laboratory, or the flight station to do the work pre- 
Paratory to the tests in good time. 

Finally, the project may include work which the team itself is not in a position 
to perform and for which outside workers must be used. For this purpose, provision 
must be made for expenditures from the "no-personnel available! pay fund. 

After all these estimates have been made, the plan for the project is delivered 
to the planning department, which estimates the work involved. The cost of the pro- 
ject is estimated by project stages and by months. This is necessary for timely 
financing of the work and for control over the correct utilization of the funds on 
the project (Table 93). 

The financing and records of the work on the project are handled by the- account- 
ing department on the basis of the project plan and its calculations. On conclusion 
of work, a report and annotation on the project are prepared. The reports and 
statements on the acceptance of the Work, indicating the quality of its performance . 
and the economic effectiveness of its introduction into industry, are annexed. For 
& prototype aircraft or engine, the results of the plant and State tests are indi- 


cated. 


STAT 


CHAPTER XXII 
FINANCIAL PLAN OF THE ENTERPRISE 


The financial plan of the enterprise reflects the assignments on rate of profit, 
rate of turnover of working assets, and contributions to the State budget and shows, 
in terms of monetary units, the volume of the productive and nonproductive activity 
of the enterprise, its requirements for funds, and the sources from which they are 
to be obtained. 

The State, making use of the financial plan, organizes its control of the ac- 
tivity of the enterprise on a ruble basis. 

The financial plan of the enterprise includes an estimate of its requirements 
for own working assets, a plan of realizing production and of distributing surplus, 
an estimate of requirements for borrowed working assets (a credit plan), and a 
statement of income and expense. 

Preparation of the financial plan requires consumption standards of the working 

assets, agtinatos of production cost of gross and finished product, and estimates 


of'expense and receipts for the nonindustrial services of the enterprise. 


Section 1, Estimate of Requirements of Enterprise for Own Working Assets 


; The working assets of an enterprise are divided into own and borrowed, into 
standardized and unstandardized. 
The own working assets are allocated by the State to the enterprise in the 


amount of its minimum requirements. The additional or temporary needs of the enter- 
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prise for working capital, connected, for instance, with the need for building up 
seasonal inventories of raw materials andfuel, are covered by borrowed funds, credits 
from the State Bank, for the use of which the bank makes a definite charge (interest) 
to the enterprise. This procedure stimulstes the most rational utilization, and 
the accelerated turnover, of the working capital. 

The standardized Working assets cover the expenditures of the enterprise on its 
industrial activity, The standardized working assets consist of the productive in- 
ventories of fuel, primary and auxiliary materials, semifinished goods and purchased 
components, crating, spare parts for current repairs of equipment and buildings, 
low-cost and depletable inventory and tools, special tools and special attachments, 
Work in process, finished components in warehouses, and funds for the expenditures 
in future periods for preparation and development of new production. 

The unstandardized Working assets are not related to the productive cycle; they 
include the balance of funds, funds in the process of settlement with purchasers 
and suppliers, and the balances of finished products shipped. The enterprise does 
not use its own working capital to meet these expenses, 

The standards for the standardized working assets are established on the basis 
of the entire volume of gross production. The production estimate is the basic 
factor for their determination, besides the day standards. The standards for work 
in process, special tooling, and deferred charges are taken in complete correspond- 
ence with the data of the production estimate. 

The day standard is established for the stocks of materials in accordance with 
the length of the procurement cycle CY proc? for work in process, in accordance with 
the length of the productive cycle Cyp; for finished production in stock, in accord= 
ance with the cycle of realization Cy... 


The consolidated day standard of working assets is equal to the length of the 


industrial (economic) cycle Cyaee STAT 


proc * C¥p * Cy, 
p P STAT 
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The standard in terms of money is expressed for each form of working assets by 


the formula 


EP ° D 
O = 2 


Dp.p 


where O is the absolute value of the Standard of the given type of working assets; 


Table 9 


Expenses 
Per Pro- 


Formula 
for Esti- 


Designation of Principal duction mate 
Items of Working Assets Estimate, EP + Do] Amount of 
in D Working Assets, 
Thousand PeP Jin Thousand Rubles 
Rubles 


Working assets in balance 
of primary materials 
Working assets in balance 
of auxiliary 
materials 


1000 
583 


Working assets in balance 
of fuel 

Working assets in 
balance of work in 
process 


333 
3483 
Working assets in 


balance of finished 


products (etc. ) us 


Total standardized 


working assets 6665 


-assets; 
D. is the''standard in days for the given type of working assets; 
Dp. p is the length of the planned period, in days. 


On the basis of us formula, the standard of Working assets can be calculated 


for each form of such € (Table 94). 


The standards for workino 


assets in supplies of fuel, materials, semifinished 
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EP is the expense according to production estimate for the given type of working 


goods, and finished components are calculated for each of these groups on the basis 


of the standard consumption per day in the planned period, the length of the pro- 


curement cycle, and the standards of warehouse supplies. 


The standard of Working assets for work in process includes the cost of mater- 


ials, purchased semifinished goods, and finished components, and also (to a certain 


percentage), the transportation and procurement expense, the basic wages, and the 


Shop and plant overhead. 


The standard of working assets for finished products in the warehouse is de- 


termined by multiplying the total production cost of the average daily output of 


finished production by the cycle of realization, i.e., by the number of days neces- 


sary for shipping the finished product and for finalizing the bills and loans for 


it at the State Bank. 


No standard of working assets is established for the shipment of finished pro- 


ducts, since the equivalent of the finished production is loaned by the State Bank 


against the shipping documents and the corresponding invoices or vouchers (for the 


time necessary for the purchasers to pay the bills for the goods shipped). 


The total standard of own working assets of the enterprise O may be calculated 


in consolidated form by means of the formula 


O=Cy * Oa 


ec 


where Oa is the day standard of working assets of the enterprise. 


It follows from this formula that, in order to reduce the amount of working 


assets required by an enterprise, the economic cycle must be Shortened, and the 


consumption standards of the working assets per unit of production must be reduced. 


Bearing these requirements in mind, the standard of working assets is calculated 


for each quarter, and their turnover coefficient is established. ' 


The difference between the established standard at the end and at the bSTATuing 


of the plan perio or loss of working assets being planned. 


STAT 
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The coefficient of rate of turnover of working assets K, shows how much finished 


product must be realized per ruble of working assets: 


where Crop is the sum of realized finished product, at wholesale price (without the 
turnover tax) for the given period; 
a is the mean amount of assets turned over during the same period. 
The smaller the day standard of working assets D,, the greater will be the num- 
ber of turnovers no of the working capital during the planned period, and the more 
effective, consequently, will be its utilization. 


Hence the rate of turnover, or number of turnovers, will be 


360 
MES" 


Do 

For each form of standardized working assets, a consumption standard is estab- 
lished for the enterprise, i.e., the minimum amount of working assets sufficient 
for the normal conduct of production at the level of organization attained and for 
the assigned program. The production program is always being increased, and the 
level of organization of the enterprise is always rising; therefore, the amount of 
working assets is subject to annual adjustment. The continuous improvement of the 
—— and organization of production makes it feasible to plan the acceleration 
of the turnover of working assets every year. 

The enterprise usually finds it necessary to have additional own working assets 
in view of the increase of the stable liabilities, of the proceeds from the liquida- 
tion of retired property, of the free profits, and of the financing from the state 
budget. The growth of stable liabilities is due to the increase in the minimum 
accrued liabilities of the enterprise, due to wages, long-service bonuses, and social 


security transfers, and due to the advances received from purchasers in accordance 


with the stage of completion of the objects. For example, let the workmen have been 


naid on the sth of the month for work performed from the 16*^ to the 30*h of the 
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preceding month. The enterprise has already regularly received funds from the 16th 


to the 30th of the same preceding month, representing proceeds of the realization of 


the same production, and including amounts for wages payable only on the 5th of the 


month following such receipt. In this case, the wages accrued up to the 5th have 


become à reserve of the enterprise, augmenting its working capital. 


lf working assets are formed at the enterprise, in amounts exceeding its re- 


quirements for working assets according to the plan, the excess working assets are 


withdrawn by the superior organization or are transferred by the enterprise to the 


State budget. 


The free (net) income is the principal source for covering the needs of the 


enterprise for working assets and represents the balance of total net income after 


deducting the payments to budget account, to the enterprise fund, and to the funds 


for producing articles of mass consumption from plant waste. 


Section 2. Plan of Realization of Production and Distribution of Net Income 


The plan of production realization discloses the total production cost of all 


realized production, the amount for which the finished production is realized, at 


wholesale prices, the amount of net income from the realization of production, and 


the rate of profit of the enterprise. 


The plan of realization of production and distribution of the net income is 


prepared at aircraft enterprises by the method of direct calculation. 


When the plan is prepared, it is made to reflect the influence of any change in 


the balance of finished production, any change in the distribution of production 


according to the method of its realization, and any change in the planned production 


cost of the product. 


The change in the balance of commodity production between the beginning and the 


end of the plan year establishes the amount of annual commodity production EATUR 


during the plan year, AP „e This amount is equal to 


STAT 
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i 
| AP, = AP] + AP ~ APo 


where AP, is the balance of annual production of the past year, brought forward for 
realization in the plan year; 

AP is the finished production manufactured in the plan year; 

AP2 is the balance of finished production of the plan year, to be realized 
in the year following the plan year. This includes the finished produc- 
tion for which the documentation for procuring a loan from the State Bank 
has not yet been finalized; the finished production for which funds from 
the purchaser have not yet been transferred to the clearing account of 
the enterprise. 

The form of the production to be manufactured exerts an influence on the amount 
of net income transferred by the enterprises to the State budget. No turnover tax 
is collected on finished products representing means of production utilized in other 
branches of the national economy. Consequently, aircraft construction enterprises 
pay no turnover tax on the aircraft manufactured. These enterprises transfer to 
the State budget a part of their net income in the form of the turnover tax on the 
realized production of.articles of mass consumption. As distinguished from profit, 
the turnover tax is fully transferred to the State budget immediately after produc- 
tion has been realized. 

Since the amount of net income of the enterprise depends on the degree of ful- 
fillment of the production plan and of realization of the production as well as on 
the fulfilment of the plan of reduction of production cost, it follows that any 
change in the planned production cost of the product during the plan period will 
increase or decrease the amount of the expected net income. Moreover, the amount 


of net income is also affected by items of net income or loss of the preceding year 


first appearing in the plan year; by the net income or loss from the operation of 


the housing and communal system (nonindustrial activity); by the net income that re- 
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flects the write-off of liabilities in connection with the statute of limitation; 


and by the losses from natural disasters, from uncollectable accounts, and from un- 


d 


<i 


TU 


e Successful experiments. 


Forms of Net Income and Planned Distribution. The net income of the enterprise 


is divided into two parts, of which one remains with the enterprise, while the other 


p Id uem 


SS Ls] SPURS Ern 


Mess 


Rete 


is transferred to the centralized State fund. The necessity of these two forms 


(parts) of net income is due, on the one hand, to the system of unsubsidized inde- 


pendent cost accounting, and on the other hand, to the need of the Socialist economy 


for the centralization of a considerable portion of the net income of its enter- 


prises. 


UA 


The net income remaining with the enterprise is distributed as follows: 


l. A total of 1 - 6% of the planned net income and an additional 20 - 50% of the 


Vrae LU dE 


amount of overplan net income is transferred to the enterprise fund. The total 


mmm 


amount of the transfers to the enterprise fund must not exceed 5£ of the annual wage 


fund of the industrial production personnel, converted on the basis of the actual 


volume of output of commodity production. 


2. Another part of the net income, namely the income received from the realiza- 


tion of mass-consumption articles manufactured from plant waste, is completely 


transferred to the fund for articles of mass consumption. Out of this fund, the 


profits up to 25% are spent for bonuses and the cultural and daily needs of the 


workers of the enterprise, while the rest of this income goes to develop the produc- 


tion of products from plant waste, 


3. A part of the net income is used for building up the enterprise's own work- 


ing assets, as they increase. 


4. A part of the net income goes to amortize the long-term credit granted by 


the State Bank for the introduction of new techniques. 


A part of the funds is transferred to the Industrial Bank, to finance STA 


expenditures. 
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The centralized net income of the State, in the form of transfers from the 


profits, wage supplements, for social security payments, etc., form that part of the 


and Rubles 


In Thous- 
154,714 


product created by labor for society, which is collected from the enterprises and 
concentrated in monetary form in the hands of the State, to be used for general 
national purposes. Most of the centralized net income of the State at present is 
received in the form of what is known as the "turnover tax!. The amount of the 
turnover tax depends on the volume and assortment of the realized product and is 
determined in advance in the price of the product in the form of a strictly fixed 


share of the surplus. 


Section 3. Credit Plan 


Transfers to fund for articles 


Expenses allocable to realized 
of mass consumption 


production 
Collection of excess working 


assets under procedure for 
Transfers to enterprise fund 
velopment of new technique 
Expenses on research work 
Training of personnel of 


redistribution between plants 
Amortization of loans for de- 
mass occupations 


Planned growth of own working 
assets 

Capital investments 

Upkeep of kindergartens 


Major overhauls 
communal system 


The credit plan shows the need of the enterprise for credit and the sources 


12 Expenditures of housing- 


1 
4 
8 
o 
1 


from which it is obtained. 
It is forbidden to arrange credit for the enterprise on the account of sup- 


pliers or purchasers. The enterprise can obtain credit only by the receipt of funds 


Table 95 


from the State Bank, which makes short-term loans to the enterprise in the following 


170,679 


[^] 
io 
n ri 
340 
os 
E~ 
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cases: 


1) To finance above-normal stocks of material values, due to seasonal features 


o 
DN 
r4 
$a 
o 
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o 
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o 
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n 


of work (procurement of peat, coal, molding sand), due to operating conditions of 
transportation (navigation season), or the conditions of interplant cooperation 


(simultaneous -delivery of a large lot); 


(including the 
(on account of 


earch and ex- 


2) To finance over-normal balance of work in process due to causes not depend- 


ry 


ing on the enterprise (increase of program, stretch-out of deliveries); 


3) To finance over-normal balance of finished product due to overfulfillment 


Including profit 
special account of State Bank 


Initial balance of funds in 


of plan, transportation difficulties, and other causes not depending on the enter- 


production at wholesale prices 
degree of completion, deferred 


charges, etc.) 
own working assets at begin- 


ning of plan period 


security payments 
Growth of other stable liabil- 


ities (customer's advances on 


of the indust 


turnover tax) 
debtedness for wages and social 


Receipts from realization of 
Growth of minimum accrued in- 


Proceeds of realization of 


retired property 
Excess (*), shortage (-) of 


redistribution of assets be- 


Working assets on account of 
tween plants 


commercial expenses) 


Financing of res 
perimental work 


prise; 
4) To finance production shipped, prior to the due date of payment for it, and 


ion for seasonal work, and expenses for organized 
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2000 
225 
689 
160 
250 
840 


182,333 


WO TE Ue oen nnns as fne Leon nere nie t ii Y nr ya, e 


. 
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Total expense 
account of depreciation 


depreciation account 
transfers 


a) capital work financed from 
b) major overhaul, financed on 
Appropriations from Budget 
Total appropriations from bud- 

get 


For growth of own working assets 
For research and experimental 


work 
Excess of appropriations over 


For training personnel of mass 
payments to budget 


For capital investment 
occupation 


For kindergartens 


Total cost, less expense covered 175,088 
enterprise 


by income distributed within the 


Final balance of funds in special 100 


account at State Bank 
by income redistributed within 


the enterprise 
Excess of income over expenditure 


Of the total amount of expense, 
the following items are covered 


d 
2 
3 
4 
5 


100 


360 


3200 


175,777 
Mutual Relations with State Budget 


Total income 
Payments to Budget 


income 
Total payments to budget 


evum A E 


Excess of expenditure over 
appropriations from budget 


[o] 
$ 
Q 
n 
n 
e 


c 


Contract receipts for research 


Income from housing-communal 
work 


system 
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E 
z 
n 
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Collections from parents for 


upkeep of’ kindergartens 
Transfers from profits 
Excess of payments over 


Turnover tax 


9 
10 
3 


recruiting of labor power. 


The State Bank grants long-term credits to the enterprise for a term of up to 


2 - 3 years to meet the cost of introduction of new techniques and improvment of 


technology. On account of these credits, the enterprise may acquire new equipment, 


organize line production, etc. The credits are amortized by the enterprise out of 


the overplan profits received in the current year. In recent years, the amortization 


of credits received has been on account of the planned profit and is being included 


in the balance sheet of assets and liabilities. 


The State Bank does not finance expenses on substandard materials, frozen assets 


spoilage removed from production, unmarketable production, and production in incom- 


plete sets, i.e., the bank will advance funds to cover expenses due to poor work of 
the enterprise. 

The enterprise pays the bank interest on loans. Provision for these expenses 
is made in the credit plan and in the production estimate under the category of gen- 


eral plant overhead. 


Section 4. Statement of Income and Expense 


The statement of income and expense reflects all forms of the planned income 
and expense of the enterprise, its interrelation with the State budget, and the ex- 
pected results of industrial and nonindustrial activity during a given plan year. 
The contents of the statement of assets and liability are given in the example pre- 
sented (Table 95). The balance sheet consists of two parts. One part reflects the 
operation of the enterprise as to its income and expense; the other part reflects, 
in the transfers and appropriations, the interrelations between the enterprise and 
the State budget. 


The industrial activity of the enterprise is the major item in the balance 


sheet. The excess of receipts from the realization of production over the pardi- 


ture for its production shows the magnitude of the expected profit of the enterprise, 
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Table 96 Reproduction is reflected in the balance sheet by the expenditures on capital 
construction, major overhaul, and training of personnel of the mass occupations. 
Distribution is reflected in the balance sheet by the income of the enterprise 


and its distribution. 
Forms of Working 


Assets 


The nonindustrial activity, as an activity appearing on an independent balance 


Tm m eei ce mea MAC Iii oa re ARA Na a Pms 


sheet, is reflected in the principal balance sheet mainly in the form of profit or 


Standard of Working 
Assets in Effect Du 
Standards 


Actual Assets during 
Period under Anal- 


Necessary Amount of 


Working Assets 


ing the Report Per- 
Deviation of Actual 
Assets from Current 
Possible Reduction 

of Existing Working 
Assets 


loss from the nonindustrial activity of the enterprise. 


In the balance sheet, each expense item is correlated with the corresponding 
Raw materials and primary i 
materials j income items. 


3 


Purchased semifinished i In order to understand the portion of'the financial statement that reflects the 
goods H 
interrelations between enterprise and State budget, it must be remembered that its 


Auxiliary materials 


credit side represents income for the State, but expense for the enterprise. On the 
Fuel 

other hand, its debit side represents expense for the State, but income for the enter- 
Crating 

prise. For this reason, the credit side of the statement indicates the payments made 
Spare parts for current : $ 

maintenance 1 by the enterprise to the State treasury. The debit side of the statement indicates 


Low-cost and depletable : the amount received by the enterprise from the State treasury. The more profitable 
tools, inventory, 
etc. f the operation of the enterprise, the greater will be the amount of the payments from 


Work in process : : the enterprise that go into the State budget. 


Finished production ] g 
i Section 5. sis of t ent of the F cial P 
Deferred charges 


The analysis of the fulfillment of the financial plan must show the manner in 
Total 
which the enterprise observes financial discipline, the efficiency with which the 


Production to be realized : 
` at wholesale prices of j independent unsubsidized cost accounting is applied, and the effectiveness of utili- 


enterprise 
zation of financial resources, 


Number of turnovers i ; 
The analysis of the utilization of the standardized working assets shows the 


Length of turnover y 
(in days) efficiency of utilization of the working assets and indicates the possibility of 
cutting standards for all stages of production and of releasing working astsTAT 


dh Table 96 is an example of such an analysis. 
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The analysis of the utilization of the unstandardized working assets allows 
establishing the correctness of use of bank credit, the justification for the over- 
plan supplies, the timeliness of payment of the accounts payable, and the timeliness 
of the collection of the accounts receivable. 

The analysis of the fulfillment of the plan of realization of production and 
stockpiling makes it possible to determne the influence, on the rate of profit of 
the enterprise, of the fulfillment of the plan with respect to quantity, assortment, 
and production list of the output of finished product and with respect to its pro- 
duction cost and the changes in its balance (Table 97). 

The analysis of the nonindustrial activity shows the degree of accuracy to which 


this activity has been organized and the extent to which it pays for itself. 


i 


CHAPTER XXIII 
OPERATIVE PLANNING OF PRODUCTION 


Section 1. e of Forms Met fP 


Planning at industrial enterprise includes not only the preparation of the 
technical-industrial-financial plan but also the operative planning of production, 


which is a continuation and concretization of the technical-industrial-financial 


plan and represents the system of organization of the productive process in time. 

The operative planning is made up of calendar planning and dispatching. 

Calendar planning consists in detailing the quarterly production program of the 
enterprise prescribed by the technical-industrial-financial plan, by months, decades , 
weeks, days, and shifts, and reducing its indices to terms of the workers assigned. 

Dispatching consists in the centralized operative management of the performance 
of the monthly, decade, weekly, and shift-day plans. 

The primary task of the operative planning of production is to ensure a smooth, 
rhythmic operation of all productive units of the enterprise and the uniform output 
of product by a graph established in advance. 

At enterprises with mass- and large-lot production, rhythmic operation finds 
its reflection in the daily output of the same amount, or of a uniformly increasing 


amount, of production in accordance with a shift or hourly graph. 
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At enterprises with medium-lot or small-lot production, rhythmic operation finds 


its reflection in the output of the finished product, the aircraft series, at the 
dates established by the daily graph. 


740 


D 0 


In single-type production enterprises, rhythmic operation finds its reflection 
in observance of the stage-by-stage cycle graphs of manufacture of each finished 
product, and in the output of finished products on the dates prescribed by the de- 
cade, monthly, or quarterly graph. 

In rhythmic operation, uniformity in the output of production according to graph 
must be combined with performance of the plan for completeness of sets, quality, 
assortment and production cost. 

The realization of operative planning of production must encourage the observ- 
ance of proportionality, coordination, and uniformity in the work of all units of 
production, the steady growth of the yield of product from each unit of equipment 
and from each square meter of productive area, the systematic shortening of the pro- 
ductive cycle, the maintenance of the work stations in a state of constant readiness 
for the fulfillment of the shift-day plans, and the fulfillment of the plan in each 
shift, at each work station and section, and in each shop. 

The operative planning is divided into intershop and intrashop. 

Intershop operative planning of production is directed toward assurance of 
smooth and uniform operation of the primary producing shops. The fundamental bases 
of the intershop operative planning of production are the consolidated calendar plan 
of output of production of the enterprise and the backlog of orders. The intershop 
operative planning includes the development of the operative-planning standards, 
the mutual coordination of the contents and periods of the calendar plans of the 
shops of the primary and auxiliary production, and the plantwide services, the pre- 
paration and issue to the shops of the monthly calendar plan, the current intershop 
production control, the dispatching and operative record of the fulfillment of the 
calendar plan by the shops. 

Depending on the type of production, on the production list of the aircraft 
being manufactured, and on their stability in production, the intershop calSTAT* 


planning may be accomplished by the order method, the part method, the direction and 
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lead method, the design-units method, and by the technological-sets method. 


B The order method is characterized by the calendar planning and dispatching, in 
production, of the dates of the start and output of parts for each order. This 
i method is used primarily in piece production, which is distinguished by small and 


variable-unit orders. In piece production, i.e., in turning out multipart aircraft, 


the order method is supplemented by the method of planning by design units. In this 


case, the basic unit of calendar planning is the design unit. The order method in 
e aircraft building is used for planning the production of the shops of the auxiliary. 
production, but in the primary producing shops only for single small orders with a 


small list of components. 


PP 


Ihe part method consists in issuing to the primary production shops a quarter 


a 


Table 98 


Tome RT rA Bue ERD HP eus 


Direction No. 


Nos. of Shops through which the 
Parts of a Single Direction Pass 
Successively 


Pee enhn ur IS hm at yt nin 


First direction 35 
PE Second direstion 35 
: Third direction 35 
| Fourth direction 35 


EM 


i planning is widely used in mass production, while in series production, the method 
is economically expedient for articles with a relatively small production list of 
parts, for instance, in aircraft-engine manufacture. In aircraft building, part- 
by-part planning is inapplicable, because of the complexity and economic irrational- 


ity of planning the start and output of each part, in view of the many thousánd 


parts involved in the production list. 


AMARE deter paper ter 


Às an exception, some aircraft construction enterprises are using part-by-part 


742 


or monthly production program for each part designation, and in keeping an-operative 


record over the start, output, and manufacturing reserve of each part. Part-by-part 


A on e 
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planning for the most labor-consuming and critical parts and units with a long man- 


5 e ufacturing cycle, and for standard parts when fabricated for delivery to the ware- 
SY 
house. 
The directio ead method is characterized by the fact that the basic plan- 


ning and recording unit is represented by the set of parts or units of one assembly, 
following the same flow-sheet-direction and arriving at the final assembly at the 
same time (Table 98). 
The value of the lead taken for the fabricating and processing shops is usually 
equal to the monthly program of the consumer shop. The monthly lead has a number of 
| advantages for the fabricating shop and for the consumer shop: 
! 1) It allows the fabricating shops to operate more uniformly and relieves them 
| of the need to adapt their shift-day assignments to the monthly requirements of the 
consumer shop; 


1) 


| 2) It allows each shop to construct its own program of start-output, to select 
| e the size of the lots and to establish the priority of the starts of workpieces or 
| 


parts in production, on the basis of the maximum load on equipment and the rational 


utilization of the time of the workmen; 


3) It allows considerable simplification of the intershop planning, since it is 


no longer necessary to plan and control the start-output of the parts production list 


by days. 


This method of plaming is inherent in series production, and is used in air- 


craft building at a number of enterprises. The method of planning by directions 


also has several shortcomings. Thus, the amount of work in process is considerably 


increased, while the unit of delivery to be planned is a whole direction, i.e., an 


excessively long production list of parts. In order to establish, within each di- 


rection, delivery units of commodity production that are smaller and more convenient 


for intershop planning, the method of planning by design units or technoloTAT[p sets 


‘is introduced. 


STAT 
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ES 


Sets is widely used in aircraft manüfacture. The nature, economic advantages, and 
disadvantages of these methods have already been discussed in detail. : ® 

Intershop calendar planning with respect to primary production is handled by 
the planning and production department » While the dispatching is a function of the i 
production and dispatching department. 

Intrashop operative planning is directed toward ensurance of smooth and uniform 
operation of the sections and work stations of the shop. Intrashop operative plan- 
ning includes refinement of the monthly program of the shop and distribution of the 
work prescribed among the departments and sections, preparation and issue to the 
department and shops of calendar monthly plan-graphs and shift-day assignements, and 
dispatching and operative record of the fulfillment of the plan in the shop. Intra- 
shop operative planning is accomplished in the Shop by the production and dispatching 
office which, depending on the form of the productive structure of the departments 


and sections of the shop, uses various methods in preparing the respective monthly È 
calendar plan-graphs. 

For single-item production lines whose product goes directly to the consumer 
shop, the production and dispatching office prepares a calendar plan in the form of 
a graph, representing an extract from the monthly plan of the planning and production 
department, in which the shift-day assignments for starts and output of product are 
Scheduled by days of the month, 

For lines whose output is delivered to other production lines inside the shop, 
the calendar plan is estimated by the chain method. The estimate begins with the 
assembly line delivering the assembled unit to the consumer shop, and ends with the 
production lines processing the parts entering into that unit. 

For multi-item production lines and departments with chain layout of equipment 


and a small production list of parts, the production and dispatching office sets up 


a calendar-month plan in the form of a standard plan based on the observance of se- 3 


744 
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Fig.125 - Standard Plan 


is being processed during the given period 
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The figures in the circles indicate the number of the parts of which a batch 
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quence and periodicity in the start-output of lots of parts during the course of 
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each month. Figure 125 shows the standard plan of a section with weekly recurrence 


. ¡0 


of the start-output of lots of parts. E 
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AS 
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For departments with a large production list of parts or units, a calendar plan 


for the month is prepared in the form of & graph, indicating for each part the pro- 


déc he meper 


gram of output, in series count and quantitative count, as well as the delivery 


dates of the lots or series of the parts. 


se peer cic 


In all types of production, under operative-calendar planning, in estimating 


the program of the shops and sections and the load of the work stations, the achieved 


tp b 
thee o? 


overfulfillment of the current standards and the planned future growth of labor 
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productivity are taken into account. / 
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Section 2. Calendar Planning of Piece Production 


Piece production is planned by orders. The start-output dates of orders must 
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ak 
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be so coordinated as to ensure complete and planned increasing load of all shops 3 


ió 


during the year and the output of various forms of product according to an estab- 
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lished graph. 


In the aircraft industry, the piece-production enterprises include development 
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enterprises, Their work is organized on the basis of the directive graph of produc- 


tion preparation, in which the execution of the designing, experimental, technolog- 
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ical, and productive work in the construction of a new aircraft are all mutually 
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coordinated with respect to date of execution. The development enterprise opens a 
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special order account for each new aircraft, to which the production expense on the 


. construction of the prototype is charged. For the purposes of operative-calendar 


Planning in development aircraft manufacture, however, a smaller unit is taken, 
namely the design unit. The set of the parts going into the design unit constitutes 


the basic unit of intershop operative calendar planning, and of the recording of 
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The plan estimates, in piece production, are made up of the following work 
steps: 


Preparation of the order for starting which consists in determining what parts 


can be built with the existing tooling, what parts require special tooling, and by 


what date they will be delivered to the primary production shops. If the order con- 
tains intricate parts, passing through processing in various shops, such parts are 
first put into production. 

The estimates of volume are prepared by estimating the equipment necessary to 
fill the order by the date set. 

The amount of equipment required, or the number of work stations necessary, is 


determined by the formula 
T 


Cy Ba(1+ Kpa-t Ki. ) 


100 


where T is the labor cost of work on order in standard-hours (taken from the flow 


sheet); 


Cy is the period of manufacture of the order, expressed in months (in conformity 


with the period fixed by the contract); 


Fact is the actual time fund per unit of equipment per month. 


The number of work stations obtained by the estimate is refined by forms of work 


and is then compared with the possibilities of each shop. 
A volume-cycle graph for the order is then prepared (Fig.126), showing for each 


shop the volume of work in standard-hours, the forms and number of work stations re- 


quired to meet the order, the number of shifts worked and the dates of performance 


of the order, taking account of the performance of the work by the parallel-sequence 
method. The graph is prepared on the basis of the date the order is to be met, i.e., 
from the final stage of production running back to its initial stages. 


A summary volume-calendar graph is also prepared, including all the VOTAT of 


work at the development design office and the experimental production organization. 
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work on the orders in the program; this graph is necessary for coordinating the 
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orders with respect to time. The basis for the volume-calendar estimates on the 


program is provided by the backlog of orders accepted for production and the volume- 


3 cycle graphs by orders, which are matched with the assigned personnel in time so as 


to ensure uniform load of the equipment and to meet the deadline for each order. In 
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preparing the summary graph, an economical version must be found, to avoid conflicts 


in scheduling when different orders are scheduled for processing at the same time on 


the same equipment, and also to avoid gaps in supply to the work stations. For this 
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purpose, corrections are applied to the graphs of individual orders, During the 


actual manufacturing operations, the consolidated graphs must be corrected monthly 


on the basis of the results of plan fulfillment. 
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Fig.126 - Volume-Cycle Graph of Filling Order (For Single- 


The monthly program of each shop in primary production is prepared by the 


planning and production department of the plant on the basis of the volume-cycle 


Unit Production) graphs of the execution of orders. In this case, the planning and production de- 


partment refines the production list and the volume of work to be done for the given' 


takes account of the data on the fulfillment of the program in 


month on each order, 
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for the monthly 


the preceding month and of the new orders. Table 99 gives a form 
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The dispatching department checks every shop daily for the technological prep- manufacture of each part. After refining the program, the office distributes the 


aration of the orders for production start-up, and in the process of filling the work prescribed among the production sections and makes a volume estimate to check 


order, for its movement from shop to shop. The execution of the work on the order ° e 3 its calculations. The volume estimate includes an estimate of the actual time fund 


is checked by periods. In addition, the cost of production is checked by the volume of each group of uniform equipment; an estimate of the time needed to perform the 


of work performed, as shown on the graph (Fig.127). production assignment, broken down by kinds of work corresponding to the existing 
equipment; and a development of the organizational-technical measures for increasing 
the throughput capacity of the sections and improving the coefficients of utiliza- 


tion of equipment and productive areas. 


On the basis of the refined volume estimates, the production and dispatching 


m 
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office of the shop issues a monthly calendar plan to each work shop, 5 to 6 days 
before the beginning of the month, This plan is a consolidated plan for the exe- 
cution of the work on the orders decade-by-decade or week-by-week. The foreman de- 
tails this plan by shifts and reduces the shift assignment to terms of the workmen, 
in the form of work orders indicating the amount of work and the conditions of its 
9 payment. 
| An operative record, in piece production, is kept on the following items: 
Records of materials, workpieces, tooling, and the documentation for each 


order or subassembly, maintained by the production and dispatching office of 


Q 1234567893 MII2 2M 15567 TE BRET the plant on the basis of the warehouse reports; 


b) t. Record of the output of the workmen, on the basis of the work cards or the 
Fig.127 - Graph of Record of Fulfillment of Program on Volume of route sheets, finalized in either case by the shop inspection office; 


Work dm Pece Production Record of spoilage by operations, on the basis of notices of spoilage or 


a) Volume of deliveries in thousands of standard-hours; b) Days of work cards; 


the month; c) Actual performance; d) Plan; e) Volume of delivery Record of the movement of the order or subassembly by shops and sections, 


in g on the basis of the graph; 


“Record of stoppage of the equipment and workmen, from the stoppage sheets, 


Th icti i i : 
e production and dispatching office of the shop details the monthly program In development aircraft production, the calendar-month plans are prepared by 


over the cour f h rminin : STAT 
course of each order, dete g the volume of the work and the time of e A the department of production and dispatching on the basis of the results oi iujfill- 
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ment of the directive graph of designing and constructing the prototype aircraft. 
The calendar-month plan of each of the primary shops shows the decade of the month, 
the subassemblies, and the shop to which they are to be delivered. In this case, 
for any parts and subassemblies in whort supply whose manufacture lags behind the 
graph or which are replaced by parts of a different design, the days and even the 
shifts for delivery are indicated within the decades. This obliges the foreman and 
dispatcher of the shop to place special controls on the manufacture of scarce parts 
or subassemblies. 

When a development production organization is manufacturing several aircraft 
of different designs, the subassemblies to be built in each decade are separately 
enumerated for each aircraft in the monthly plan. 

The work on the preparation on the calendar-month plans of the production and 
dispatching department is conducted in close contact with the group planning the 
preparation of production in the department of the chief technologist. This group 
prepares a shop distribution schedule for each subassembly, indicating the flow 
sheet for the subassembly and its component parts. The workers of the production 
and dispatching department use this flow sheet as guide in preparing the monthly 
calendar plan and in determining the list of the parts to be built in the given 


shop... 
Section 3. Cale P fas A t Productio 


In aircraft manufacture, there are a number of factors determining the system 
of calendar planning. 

The frequent changes. in aircraft design and the frequent replacement of designs 
leads to the production of aircraft in series; the fact that the parts tion 
list contains many thousands of items results in their combination into lead groups; 
the line assembly of the aircraft results in the need for a setwise supply of parts 


and subassemblies to the line; the processing of parts and subassemblies in lots 
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demands the selection of the most rational lot size. 

The design changes to be introduced in an aircraft are assigned to a given 
series. These changes are sometimes so considerable as to change the production list 
and dimensions of many parts entering into a single technological set. The series 
count does not allow the mixing of parts, subassemblies, major assemblies, and air- 


E] 


craft of different series if they differ in design. Consequently, in aircraft manu- 


facture, the series represents a group of aircraft of the same design. The type 
series contains the minimum number of aircraft; in working on these aircraft, the 
series enterprise refines both the tooling and the aircraft design. The maximum 
number of aircraft per series is found during the period when the series production 
has been completely broken in. A series of light aircraft usually comprises more 
aircraft than a series of medium aircraft, and a series of medium aircraft, in turn, 
contains more units than one of heavy aircraft. There are no standards for the num 
ber of aircraft in a series, and the enterprise divides the production program into 
series at its own discretion. At aircraft construction plants, the operative record 
of the program on starting, leads, and output is handled in the series count and by 
serial numbers. The shops deliver their production to one another in series and 
serial number counts, which ensures timely control of the observance of the complete 
set closing of each series. 

The specialization of enterprises for the output of aircraft of one type, and 
the change-over of the prodction to the standard recording methods, allows the 
planners to abandon the unwieldy series method of recording, and to change over to 
recording aircraft output by serial numbers, 

Under the conditions of aircraft manufacture, where the labor cost of the 
assembly-riveting and the assembly-fitting work may amount to 50% of the total labor 
cost of the aircraft, and the monetary outlay for this work may reach 60% of its 
total production cost, the maintenance of the correct length of the lead and of 


STAT 
completeness of sets in deliveries, at' each stage of production, is an important 
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prerequisite for a rhythmic output of the aircraft. 


The intershop calendar planning of series aircraft manufacture includes the 


development of standards for planning: establishment of the master production list; 


estimation of the duration of the manufacturing cycle of the aircraft and of the 
lead group; estimation of the start-up of production by the shop for the plan month; 
finalization of the monthly program for the shops, and the operative record of its 
fulfillment. 

The starting data for intershop calendar planning are: the quarterly plan for 
. the output of finished production by the enterprise; the set of drawings of the 
article and the current modifications from the drawings; the set of process planning 
charts; the schematic diagram of assembly and the system of lead groups constructed 
in accordance with this; the summary of standards for the article, for each process 
set, and for the primary producing shops. These data are received by the planning 
and production department from the series design office, the departments of the 
chief technologist, and the department of labor organization and wages. In addition, e 
the planning and production department itself formulates standards for the lead 
groups and manufacturing cycles of ihe parts of the master production list, summar- 
ies of the performance by the shops of the program for the preceding month, summar- 
ies on the provision of parts of the master process sets for each lead group, and 
standard samples of the set-completion schedules for each delivery production-list 
of all supplier shops. For the supplier shop, such a schedule is also an order for 
the setwise production and delivery of productis in the plan month. On the basis of 
the specimen set-completion schedule of the planning and production department, each 
shop makes up working copies of the set-completion schedules, and finalizes from 
them the delivery of their production to the consumer shops. 


At an aircraft construction enterprise, the planning and production department 


performs the intershop calendar planning of the master production list, which in- 


lada ba damna d Ate ma inr 


emblies, the master and component process sets, as 


o 
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well as the most labor-consuming parts or subassemblies, for instance, the beams of 
stressed bulkheads or the spar caps. An enumeration of the other parts entering 

into each process set is made by the production and dispatching office of the primary 
production shop. This simplifies the intershop planning and makes it possible for 
the planning and production department to perform a mene realistic control of ful- 
fillment of the production program by the shops. 

The production cycle of the aircraft is determined graphically and consists of 
the sum of cycles of all stages of the primary production, taking account of their 
parallel and parallel-sequence performance. Since the forms of production organiza- 
tion of the various stages differ, the technique of calculating the length of the 
cycles of the stages will also differ. For example, in all stages of aircraft assem- 
bly, the line form of production organization predominates; consequently, the length 
of the assembly cycles of the units, compartments, major assemblies, and aircraft 
are determined by the cycle graphs of assembly (Fig.128). Since the assembly work 
is conducted on a wide front, and simultaneously in several shops, only the cycle 
of the shop with the longest assembly cycle should enter into the length of the 
aircraft manufacturing cycle. 

For example, assembly of the wing, fuselage, and empennage is handled in par- 
allel, in three independent major assembly shops. The manufacturing cycle of the 
aircraft thus does not include the sum of the assembly cycles of these major com- 
ponents but only the cycle of assembly of the major component with the longest cycle, 
let us say the fuselage. In all the processing shops, the parts and units are pro- 
duced in lots. The length of the cycle for each processing shop is determined by 
the period of recurrence of all its production list. If the shop works in weekly, 
monthly, and bimonthly lots, and the parts of the entire production list pass 
through its equipment once every two months, then the production cycle of such a 
shop will be equal to two months. With parallel operation of several processing 


STAT 
shops working on a single stage of production, only the longest cycle of that snop 
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enters the cycle of aircraft production. For example, in the fabricating stage, the 
foundry, forging, nonferrous sheet-metal shaping, and profiling shops operate in 
b 
e 3 parallel, so that only the cycle of the sheet-metal shaping shop enters into the 


aircraft cycle, in view of the fact that the period of recurrence of its entire pro- | 


duction list is the longest of all. 


i In accordance with the steady manufacturing cycles of the article, the planning 


and production department estimates the lead standards for the work of the shops. i ' 


Cumulative Total of Hours of Work 


The lead standards for the work of the shops are necessary for the planning of 


timely delivery of the parts, units and major components to the final aircraft assem- 


bly line. The larger the number of shops through which the part passes, and the 


Shifti Shift 


longer its cycle within each shop, the earlier will it be started in production by 


comparison with the parts passing through a smaller number of shops and operations, 


[24] 20 [se 36 [40] 44 [ee [2 [56 [60 Jos fos fra pre po. 


Assembly Cycle 


To protect the consumer shops from a break in the timely starts of lots owing to the 


disturbance of the period of delivery by the manufacturing shops, an emergency (re- 


serve) lead is also added to the cycle lead. The larger the aircraft output, the 


"n 


smaller will be the reserve lead in time and the larger the lead in number of air- 
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craft. The lead may be expressed in days and in aircraft. The lead in aircraft OP, 


in its general form is calculated by the formula 


Fig.128 - Cycle Graph of Assembly of Compartment F-2 
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For instance, the lead in output of the fabricating shop is equal to 


suorjeuIquo) A[quessy OP Rp — Ro + OPr 


JO SON 


of Coro x 


i . where Cypro is the cycle of processing of a batch in the processing shop; 


STAT 
o * D. te the nanind af nraseseing of a lot in the fabricating shop, in days; 
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g shop, in days; assembly of the aircraft; 3) major assembly outside of assembly jig; 4) major assem- 


Ro is the period of processing of a batch in the processin 


OPf is the reserve lead between fabricating and processing shops. bly in assembly Jig; 5) unit assembly. Corresponding to these five stages, five 


The lead of the start of the fabricating shop is S lead groups are set up. 


The number of lead groups covering the fabricating and processing shops is de- 


OPs.f = OP or * Cyr 
j Y termined by the number of such shops (except the heat-treating shops and the coating 


e Cyr is the cycle of the batch in the fabricating shop. shops) through which the part must pass before entering the assembly and there be- 


Features of Estima tion of Lead Groups in Aircraft Manufacture. In order to plan 


the details in aircraft building are combined into design or tech- 


wher 
coming a part of the leading process set. On assigning the parts from the fabri- 


in larger units,. cating and processing shops to lead groups, two primary attributes are used as 


and these sets in turn into lead groups. A lead group is & set of 


ame times of delivery to the consumer 


nological sets, starting points: the number N, of fabricating and processing shops through which 
leading or component sets for all of which the s the part passes before entering the assembly, and the stage of assembly OP, to which E 


the one hand, the part is supplied. The lead group of the part OPq is found from the formula: 


been established. The estimate of lead groups is based, on 
l and major assembly, which is constructed 


shops have 
on the cycle graph of the shops of fina R o | 
i a“ "s c i 
to span the consolidated stages of assembly, stages that have been called leading | 


on the production cycle of parts and units constituting Example. A part passes through processing in the fabricating and machine shops, | 


sets, and, on the other hand, 


the production list of the component sets. For this reason, the lead groups are pos from which it is fed to the stage of assembly of the fuselage framework. According 
divided into groups covering the assembly shops and the pertaining master process to the diagram of lead groups, the stage of assembly of the fuselage framework is 
groups and into groups covering the fabricating and processing shops, and the per- assigned to the third lead group. In this case, the part will be assigned to the 
taining component process or design sets. fifth lead group (OPa 2253-5). 
The number of lead groups covering the assembly work is determined by the de- The system of lead groups is established as follows: By adding the assembly 

gree to which the aircraft assembly is broken down or detailed into main stages of and processing leads, the total number of lead groups is found. From these lead 

assembly. For example, the assembly of a multi-engine aircraft is usually broken groups, all the leading and component process sets are found, Further, for each 

down into the following six stages: 1) final aircraft assembly; 2) preliminary lead group the number of days by which it must lead the group preceding it is es- 

aircraft assembly; 3) outside-jig assembly and installation of assemblies; 4) assem- tablished. For this purpose, the cycle of the airfield shop, as the shop of the 

ply of major component in assembly Jig; 5) assembly of compartments (or sections) delivery of the commodity production, is subtracted from the aircraft production 

of the major assembly; 6) assembly of the units: spars, rib panels, performed in cycle, and the remaining cycle is divided into equal or multiple periods, lasting 

independent shops. Corresponding to these six stages, six lead groups are set up. from 6 to 12 days. Such periods, depending on the type of aircraft, should be from 

The assembly of a single-engine aircraft is less differentiated, and is usually 6 to 12 in number. An approximate diagram of the construction of the lead groups is 

ocean Acum into five stages: 1) final assembly of the aircraft; 2) preliminary e given in Table 100. A larger number of periods complicates the production STATring. 
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The significance of the diagram of lead groups consists in the fact that this dia- 


For instance, 


The start-up times of the set of the 


The observance of these conditions ensures the 


calendar operative planning and allows the planning and production departments and 
observing the sequence and periods of delivery that have been established for each 

In this connection, it is important to recall that the lead groups establish 
only the periods of output (delivery) of the process sets, but do not establish the 
parts for each process set are established directly by the producing shop, starting 
from the period assigned to it (from the date of delivery of the parts to it by the 
supplier shops, to the output of the finished parts according to the lead graph), 
the manufacturing cycle of the lot of parts of a given designation, and the economy 

The lead groups are estimated from the series count of the delivery of the air- 
craft by the airfield shop according to the graph, the standard lead in days, the 
with 20 aircraft in the series, and a program of output of one aircraft a day up to 
the seventh series, and of two aircraft a day from the seventh series on, we obtain 
the series count of delivery of commodity production by the primary shops of the 

In order rapidly to establish the monthly program of each shop, with the dates 
of delivery of production for each lead group, the planning and production depart- 


gram, together with the diagram of the process sets, forms the basis for intershop 
the dispatcher department to subordinate the work of each shop to the general plant 
requirements. Each shop is obligated to deliver its production in process sets, 
aircraft in conformity with the established graph. 

daily program of aircraft output, and the size of the series adopted. 

ment uses a control graph (Fig.129) and an overlay. 


start-up times of the parts for the same set. 


of loading the equipment with it. 
enterprise as shown in Table 101. 


lead group. 
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The overlay, when placed on the output date of the aircraft, as indicated on the 
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control graph, shows the times of delivery of the master and component process sets 


for each lead group. 


On the basis of the lead standards, the planning and production department esti- 


mates the monthly operative plans of the shops for start and output of lots of parts 
and units. 

The starts and output of production by the shops for the plan month are esti- 
mated by the planning and production department on the basis of the refined quarterly 


program, A production output program is estimated for each shop, allowing for the 


planned growth of aircraft output. For instance, the program of aircraft output for 


February is fixed at 25, and for June at 100 aircraft. Then, with a total aircraft 
manufacturing cycle of 5 months, the program for the February output for the airfield 
shop will be set at 25 aircraft, but for the sheet-metal shaping and fabricating 
shop, at 100 sets, since the blanks started in February must, after 5 months, i.e., 
in June, support the airfield shop output program of 100 aircraft. Consequently, 
the program of each shop in one and the same month will differ for different lead 
groups, according to the distribution of aircraft output by months of the year. In 
addition to the growth of the product output, the calculation of the monthly program 
takes account of. the data on the fulfillment of the program in the preceding month, 
of the production cycle; of the condition of the intershop and intrashop manufactur- 
ing reserves of work in progress and the number of parts necessary to replace re- 
jected parts and units. Bearing all these situations in mind, the program of the 
primary shops is calculated under a procedure opposite to that of the course of the 
manufacturing process, according to the scheme: airfield shop - final assembly 
shop - major assembly Shops - -— and unit assembly shops - processing shops - 
fabricating shops - warehouses. 

The program and output of the airfield shop corresponds to the commodity output. 
of the enterprise in the plan month: The program of starts of the aircraft shop 


takes account of its program of output and the reserve necessary to the shop for 
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Table 100 


Approximate Scheme of Construction of the Lead Groups 


Lead Lead ‘Lead Lead Lead 


Parts and Blanks Passing Through Two 


Lead 
Group 8 


Shops for Work 


Wing Assembly Shop 
Part and Unit [Assembly of Wing 


Inside and Outside 
of Assembly Jig 


Assembly of 
Wing 


For Lead | For Lead ¡For Lead 


For Lead |For Lead 
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Parts and Units Passing Through One Shop for Work 


For Lead 
Group 1 


For Lead |For Lead 


For Lead |For Lead 
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For Lead 
Group 1 


For Lead 
Group 2 


For Lead | For Lead | For Lead 


Empennage Shop 


Assembly of 
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The output program of the assembly shop Na,, is cal- 
culated by the formula 


aes ‘ast * (Z, shen 7 Zash áct? 


where Nast is the atatt program of the airfield shop; 


Z is the normal size of the reserve at the airfield shop, in units, at 


aeshen 
the end of the plan month; 

Za sheact is the actual size of the reserve at the airfield shop, in units, at 

the beginning of the plan month. 


The program of the assembly shop in production starts N is calculated by 


PETITS 
the formula 
— m d A " "aBBoshs Hat) 
where RR is the normal size of the intrashop reserve in the assembly shop at 


the end of a plan period; 
Zass.sheact +5 the actual size of the intrashop reserve in the assembly shop at 
the beginning of the plan month. 
À general rule may be derived for calculating the program of all these shops. 
The program of output of the manufacturing shop is determined by the program of 
starts 'of the consumer shop plus the restoration to standard of the intershop lead 
(reserve). The program of starts of the manufacturing shop is determined by its 
output program plus the restoration to standard of the intrashop lead (reserve). 
Important functions of the planning and production department and the dispatch- 
ing department are: 


timely verification of the readiness of the shops for perform- 


ance of the assigned program; verification of conformity of the program of each shop 


^ to its throughput capacity; verification of supply of the work stations with tooling, 


materials, and workpieces (cf. Tables 62 and 102). The office of calendar planning 


of the planning and production department makes the preliminary check estimates on 
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the state of fulfillment of the program on the 15th of the month preceding the plan 
month, and covers the period of calendar planning for 45 days, i.e., the second half 
of the current month and the entire period of the plan month. This preliminary esti- 
mate is corrected after determining the results of fulfillment of the plan for the 
past month, i.e., on the first and second of the plan month. 

The planning and production department finalizes the monthly programs of the 
shops in the form given in Table 103. This program has the form of the calendar 
plan graph in which, for each item of the master production list, the following in- 
formation is shown: the series count on the output (delivery) at the beginning of 
the plan month and at its end; the amount of production, expressed in aircraft or 
in sets, that must be manufactured during the month; the standard time per aircraft, 
taking account of the overfulfillment of the current standards, and of the total 
labor cost of the program for the month. 

The program of the airfield shop and the shops of final and major assembly are 
given in the form of a graph with a uniform, smoothly rising or smoothly declining 
production output by days of the month. 

For the processing and fabricating shops, the production is distributed uniform- 
ly over the decades of the month, starting from the lead groups and the correspond- 
ing sequence of delivery of sets. Such a program is in the form of a calendar graph 
which shows the following information separately for each consumer shop: monthly 
number, in series count, of the starts and output of process sets, and distribution 
of these T.K. by their delivery dates to the consumer shops (to the 10th, 20th, and 
30th of the plan month). Usually the lead in the major Gssenbly shops over the pre- 
liminary and final aircraft assembly shops amounts to 7 - l4 days, depending on the 
number of aircraft being produced. 


The plan of the fabricating shops is built up with a large lead over the shops 


Here the minimum value of the lead is determined by the 


period of deliveries of lots of workpieces (usually from one to three duod 


consuming its production. 
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In preparing the program for multiproduct fabricating and processing shops, 


which are not in a position to start and put out T.K.'s monthly for all lead groups, | Ea E a e EE 
the program will show only those T.K.*s and leading parts to be delivered in the : * | O al EE EIE FRE NER EE 
R d. pr d op TE 


i given month for each lead group. For the mutual coordination of the plans of the 


shops, plan-graphs of the supplier shops are usually issued to each consumer shop, 
or the planning and productive department may indicate in the plan-graph of the con- 
sumer shops when lots of workpieces (whether parts or major components) will be de- 
livered, what shops will make such deliveries, and for what series of aircraft, so 
as to ensure timely starts. 

The operative record of the fulfillment of the production program is handled as 


follows: 


~ 
$ 
E] 
A 

x= 


> 
ES 
E 


In the airfield shop, the dispatcher department daily verifies and records the 


VVIVIVVM ELT | 


number of aircraft received from the final assembly shop, prepared for flight, 

flight-tested, and delivered to the purchaser. The data of this record are reflected 

in a special graph (Fig.130). D l ® 
In the final assembly shop, the dispatcher department daily verifies and records i i N 


the complete setwise provision with major components and units of the fitting assem- 


bly (Fig.131), the movement of the aircraft through the fitting assembly, the number 


Fig.130 - Graph of Production Record by Aircraft Shop 


MV] LI. 
Vee 


Daily Graph of Airfield for 


of aircraft passing from the assembly line and submitted to the inspection depart- 
ment and the purchaser's representatives, and the number of aircraft delivered to 
the airfield (Fig.132). 


In the major assembly shops, the dispatcher department daily verifies and 


records the complete-set provision of the major assembly shop; the number and series 
of the major components placed in the assembly jig; the number and series of the 


major component that has passed onto the line of assembly outside the assembly jig; 


Making up Group Set 
For Replacement of Engines 


Adjustment of Compasses 
Inspection Flight 
Ácceptance Flight 
Making up Single Set 
Departure 


the number of major components submitted to the shop inspection office, and the 


oo 


number of major components delivered to the intermediate or final aircraft assembly 


shop. STAT 
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Fig.132 - Graph of Cost of Production Output of Aircraft by Final 
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Graph of Supply of Major Components to the Final Assembly Shop for 
Series 
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At the fabricating and processing shops, the dispatcher department daily veri- 
fies and records the complete setwise delivery of the component sets by lead groups, 
by directions (consumer shops), and by series. The basis for this record is provided 
by the daily dispatcher reports of the shops, confirmed by delivery notes and veri- 7 
fied by the shops accepting the productione The most operative form of control is 
that under which the planning and production department checks not only the dates of 
delivery of the production but also the dates of the timely setwise start of lots 
into production. 

The intrashop calendar planning in aircraft building consists in detailing the 
monthly production program received from the planning and production department, and 
in calculating the economic size of the lots of parts, in making check volume esti- 
mates by departments and by production sections, in preparing monthly production 
programs and shift-day plans (assignments) to the shop departments, and in the oper- 
ative record of their fulfillment. 

The detailing of the monthly program consists in establishing, by the production 
and dispatcher office of the shop, the size of the lot and the date of its start- 
output for each part entering into the design set or process set shown in the pro- 
gram. The degree of detailing of the program depends on the productive structure 
of the sections of the shop... 

If each section of the fabricating-stamping or machine shop is specialized to 
perform uniform operations, for example, turning or milling and if equipment of the 
same type is concentrated in the section for proper performance of such work (e.g. , 
only turning or only milling equipment) then, with such a productive structure of 
the sections, the production and dispatching office of the shop must coordinate the 
operation of the sections with respect to time and must give a certain lead to the 
work of the turning section with respect to the milling section, and to the milling- 
section with peapea to the grinding or- fitting section. 


Tf each i à icating-stamping and machine shops is specialized 


774 


to process units of one or several assemblies and is equipped to perform all opera- 
tions on these (except for heat-treating and coating), then in that case the work of 
the production and dispatching office is considerably simplified, and consists in 
indicating the schedule of the units and of the component parts for those units that 
are to be manufactured in the section in each decade of the month. The times of 
manufacture of the parts and units, by days and shifts of the decades, are established 
by the senior foreman of the department, starting out from the provision for the de- 
cade plan in materials, tools, drawings of the parts, and flow sheets. 

A characteristic feature of fabricating, processing and intermediate shops of 
series aircraft enterprises is the processing of parts in lots that recur in start 
and output. In series production, the number of equal-type workpieces, parts, or 
units, simultaneously started in production, is called a basic lot. 

The transport lot should be differentiated from the basic lot. The transport 
lot is a part of the basic lot. Under the parallel-sequence method of processing, 
each basic lot is divided into smaller transport lots, which are delivered from one 
work station to the next. 

In order to determine the optimum size of a lot of parts, the expenses due to 
increasing the lot size must be compared with the advantages obtained from increas- 
ing the equipment load. 

Increasing the size of the lot raises the labor productivity of the workmen, 
increases the time of useful life of the equipment, and simplifies the planning. At 
the same time, increasing the size of the lot leads to an increase in the working 
assets invested in the work in process, which adversely affects the economic indices 
of the operation of the enterprise. 

In the textbook literature, the size of & lot is found roughly from the allow- 


able percentage of time lost in resetting the equipment. The size of a lot is cal- 


culated from the formula 


Ts.c STAT 
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where n is the.size of the lot of parts, in units; 
T. č is the setup-cleanout time for a lot of parts; 
Tb is the piece time; 
K is the coefficient of allowable loss of time for resetting the equipment (in 
aircraft building, usually 0.05 ~ 0.07). 


A disadvantage of this formula is that it employs only a single factor &s basis 


[4 
pl IE 


of its estimate, namely, the utilization of 
equipment, as a function of the value 

of T, c* This formula does not take account 
of the increased expense due to the in- 
crease in work in process. In reality, the 
coefficient of equipment loading and the 
length of the cycle do not increase in the 


same proportion when parts are processed 


in lots. This will be clear from the form- 


_ 2Ts.c 
G1G2G5Q4G59507080.I099 q Padum 
Cv = Ll min n 

where Cy is the cycle of a lot of parts in 
Fig.133 - Graph of Calculating 


days, shifts, hours; 
the Growth of Cycles and Coef- 


z T. " is the sum of setup-cleanout time 
ficients of- Equipment Loading 5 


for a set of parts processed on 


the machine tool; 
n is the coefficient of equipment loading. 

The cycle of processing a lot of parts increases more rapidly than the increase 
in equipment loading. This spread becomes particularly great when the equipment is 
loaded by more than 80%. For instance, when the load increases from 80 to 90%, 
i.e., by only 10%, the cycle increases by 200% (Fig.133). 


It follows that in processing lots an increase in the machine loading is eco- 
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nomically expedient up to a certain limit, when the value of the work in process 
does not exceed the value of the part of the machine unutilized in time (i.e., of its 
yalue). In aircraft building, the data obtained by the formula 

Ts.c 

Ip.k K 
are used only for the preliminary calculations. This is explained by the fact that 
this formula for calculating a lot does not relate the size of the lot to the period 
of its recurrence in production, does not subordinate the size of the lot to the 
program of aircraft output, and thus does not guarantee the provision of parts for 
the assembly. Besides this, in fabricating and processing shops, in view of the 
thousands of parts produced there and the different times for setting up the equip- 
ment, if the size of the lots were to be calculated by the above formula, there 
would be such an immense difference in the sizes of the lots as to lead to confusion 
in production. For this reason, in aircraft building, the determination of the size 
of lots is based on organizational factors, which are not always amenable to mathe- 
matical calculation but are of decisive importance for the normal course of produc- 
tion. Thus, in-aircraft production, the sizes of lots of parts are so chosen as to 
correspond to the weekly, decade, monthly, etc. starts, The size of such a lot is 


calculated by the formula 


n= R, * Nmean p 


where R, is the pace of recurrence of a lot, in days, in a series-production shop 
(at intervals of a month, at intervals of two months, etc.); 
N rean p is the average daily program of parts (or units) ensuring the output of 
aircraft in the month when the given lot of parts arrives at the final 
assembly shop. 


Such a calculation relates the size of the lot to the period of its recurrence 


H r ! STAT... . 
BH (AA in production and at the same time subordinates the lot to the primary task, namely 
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IX. 


that of meeting the requirements of the assembly shop for parts. 

It is desirable to have a number of parts in a lot such that the time of their 
processing will be a multiple of the shift. In operations where the changing of the 
tool takes a considerable time, the time taken by the processing of a lot should be 
equal to, or a multiple of, the time of service of the tool between regrindings. The 
part should be handled, in all operations, in lots of the same size. 

The production cycle of a lot is the period necessary for the processing, trans- 
port and inspection of a lot of parts for all the operations inside the shop, in- 
cluding.the operations of heat treatment or coating, performed in the same or other 
shops. Without knowing the production cycle of a lot of parts, the starting time of 
each batch and the necessary volume of work in process cannot be exactly determined. 
The production cycle of a lot depends mainly on the following four factors: on the 
number of part-operations assigned to a work station, on the number of parts in a 
lot, on the method of delivering a lot from one work station to the next, and on the 
sequence of starts in production of the parts covered by the production list of the 
department or section. 

The larger the number of different parts assigned to each work station, the 
greater will be the loss of time for resetting the equipment, the more difficult will 
it be to manage a section, and the larger will be the lots of parts to be handled 
under these conditions. 

The more parts there are in a lot, the more productive will be its manufacturing 
cycle. In order to shorten the cycle of the lot under these conditions, an attempt 
must be made to replace the sequence performance of operations on the lot of parts 
by parallel and sequence-parallel performance. The NIAT recommends a simple and 
practical method of establishing the length of the manufacturing cycle of a lot for 
fabricating and processing shops. This method is based on standards prescribing the 
relation between the cycle of the part and the number of part-operations assigned 


y 


to one work station (Table 104). 
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Table 104 
Standards of Length of Production Cycles 


(9 I. Sheet-Metal Layout and Fabricating Work, and Hand Working of Parts (Fin- 


ishing after Stamping, Chipping and Cleaning of Castings, etc.) 


Number of Part-Operations Per Work Station 


Average length of cycle of one 
operation, in days 


II. Stamping, Forging, and Forming of Parts 


Number of Part-Operations Per Work 
Station 


5 = 25 pe 50 {5175 SE or 
More 


vandard 


Average length of cycle of one 
operation, in days 


III. Machining of Parts 


Number of Part-Operations Per Work 
Station 


1.8 2,1 


Average length of cycle 1.5 . 
of one operation, in 
days 


Standard 


IV. Assembly of Units at Benches and Manufacture of Welded 
Units 


Number of Assembly Assignments Per 


Work Station 
Standard 


2-3 


Average length of cycle of one 1.0 
assembly assignment, in days 
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'In assembly shops, the assembly cycle for a compartment, major component, or 
aircraft are established from cycle graphs. N 
| In aircraft building, where the production list of parts numbers many thousands, - v 
it is impossible to estimate the production cycle for each part. For this reason, 
in each section of the fabricating and processing shops, the most typical leading 
parts are selected, and the cycle is calculated from these on the basis of experi- 
ments or standard Tables. 


The principal disadvantage of the methods described in the literature for de- 


termining the length of the processing cycle for lots of parts is the fact that all 
of them take each detail individually, without connecting it with other parts, while 
the value of the inter-operation layover, which in series production amounts to 

50 - 75$ of the length of the cycle, also depends on the order in which the parts 
are started in the section. 

Under the conditions of series production, where many parts with sharp fluc- 
tuations in operating times are assigned to each production section, the next work PS] 
station will have no stoppage in this case if its operating time is equal to or f 
longer than the operating time of the preceding work station, If, however, the 
length of the operating time of the next work station is shorter than the operating 
time of the preceding work station, then a stoppage of the machine tool, while wait- 
ing for the processing at the preceding work station to be finished, is unavoidable, 
In order to avoid stoppage of equipment due to differences in operating time, the . 
lots of parts to be started up in the next shift in series aircraft building are 
selected for each machine tool in such a way that the total processing-time for one 
or several lots of parts will completely load the operation of the given machine 
tool during the shift. This procedure somewhat increases the intermachine layover 
time of a parts lot, but makes up for this by eliminating the idle time of workmen 


and equipment inside the shift. 


A volume check estimate by equipment groups is made to find whether the equip- 9 
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ment if the sections will pass the program assigned to the shop, and what the load 
of the equipment will be in this case. On the basis of the check estimates, the 
production and dispatching office distributes the work more precisely among the sec- 
tions, to provide for uniform loading of the equipment. 

On the basis of the monthly plan and the volume check estimates, the production 
and dispatching office of the shop sets up the monthly program for each department 
(or workshop) and each section. In setting up the program, the planner takes into 
consideration the state of the manufacturing reserves for each item, the priority of 
the delivery of sets, and the necessary leads between the departments of the shop. 
The more rhythmically the shops operate, the smaller will be this lead (or manufact- 
uring reserve). In calculating the monthly plans for the departments, every effort 
is made to observe strictly the established assignments of parts to the work sta- 
tions; to increase the time of useful life of the equipment; to increase the labor 
productivity of the workmen; and to cut the length of the cycle of processing or 
assembling the article. The monthly calendar plans for the departments are estab- 
lished, with allowance for the production list of parts and the features of the pro- 
duction of the shop. Let us consider these features for each group of uniform shops. 

The fabricating shops are characterized by the large number of workpieces with 
short operating times. Under these conditions, a rational utilization of equipment 
and a rhythmic output of production can be obtained only if the section production 
lists of workpieces are cut down. This is accomplished by: 

l. Dividing the production list of workpieces into lots started once a month, 
once every two months, and once every three months. Exceptions are made only with 
respect to workpieces using large amounts of materials, such as the aircraft skin, 
starting them several times a month. 

2. Organization of departments or sections on the product principle, and their 
specialization to process a set of groups of typical workpieces. 


STAT 
3. Assignment of a definite production list of workpieces to each shift of the 
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section. With a large production list of workpieces, an effort must be made to plan 


the equipment load by the method of standard sets of products. For this purpose, at 
each section, the maximum period of recurrence of the start-output of its production 
list is established. This maximum period is divided into minimum multiple períods, 
e.g., into decades. For instance, with a total maximum period of recurrence of the 


entire production list in two months, and a minimum in ten days, the department will 


have = 6 minimum periods of recurrence. If workpieces with a different start- 
ing period are assigned to the department, for instance, with a two-month, a one- 
month, and a ten-day period, than with six minimum fabrication periods having a ten- 
day starting cycle, there will be six sets in all; the workpieces with a monthly 
cycle will go only into two sets, say into the first and fourth or into the third 
and sixth. The workpieces with a two-month starting cycle will go into only one of 
the six sets. A production-list set will be composed of parts whose grouping thus 
takes account of the uniformity of the manufacturing process, of the process set, of 
the lead group, and of the consumer shop. By this method, the foreman is given the 
initiative in the start-output of the sets of workpieces by shifts of the period of 
recurrence. If, for any reason, the planned workpiece cannot be started in produe= 
tion in a given shift, then, in view of the supply of tools and materials, the fore- 
man may start up another workpiece from the same standard set, and for the remaining 
shifts of the period of recurrence he may prepare all that is necessary for starting 
the remaining production list of the set. 

Within the standard production-shift set, the workpieces are grouped according 
to the condition of their simultaneous start, which ensures a more economical utili- 
‘gation of the equipment and starting materials. For instance; in the sheet-metal 
shaping departments, the workpieces are grouped by forming groups; this allows a 
saving of metal and a reduction in the time on the setup and processing of the 
blanks. For instance, if the group sheet-metal staging chart includes seven blanks - 


and two of each blank go on the aircraft, then if a stack of 10 sheets is simultan- 
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eously processed on the machine, the monthly program for the output of 125 aircraft 
can be fulfilled in (125 x 2) : 10 = 25 runs, while in the case of individual shaping 
it will take (125 x 2 x 7) : 10 = 175 runs. In the stamping departments, in punching 


and bending, the workpieces are classified by size, and standard production-list sets 


of blanks are assigned to each die block, ensuring the loading of the press without 


Table 105 


L E ei Standard Time, . 
2 RR [2 in Minutes Time Fund of Press in 
4 s qe Pe | Minutes for Two-Shift 
"T d ER CI as ‘Operation Fp and Coeffic- 
En eae em oS $ ient of Loading of Press Kp 
ao 38 MA dE E for Each Set 

B Bel. b O 
“$ Rond |49-| nci d d 
o Q «x Ig QR ES 

27 193 2123 

Of HS ISSSIB ER 8 
28 zm p [on Bad [s 


First 


Set for 6 Days, Die Bed (Die Block No.1) 


6x8x2x60x0,95 = 
54,720 min 

56,000 
= AA = 1.02 
P 54,720 


Total Labor Cost per Set in 
Min 


changing the die block during the entire course of the decade or week (Table 105). 
A number of die blocks are assigned to each press in such a manner that the 
total labor cost of the workpieces to be processed on the press will equal the month- 
ly fund of operating time of the press. 
Example. A section is processing monthly lots. Two die blocks (Nos.1 and 2) 
are assigned to a press and have a labor cost, for the shift program of die 
block Noel of 100 hours, and of die block No.2 of 98 hours. Under these conditions 
the press, with the die block No.l will process the parts of 100 : 8 = 12.5 shifts, 


i.e., from the 19* to the 15%h of the month, and with die block No.2, the nSTAT , 
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96 : 8 = 12 shifts, i.e., from the 16th to the end of the month, observing this 
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each shift, through which the lot is to pass (Fig.13ha). The auxiliary graph is set 
cycle every month. 
: up to prevent a coincidence of the dates of processing different lots on the same 
The workpieces in the stamping workshop for bending operations should be classi- ; 
; machine tool, or an irregular loading of the equipment during the course of the 
i fied by bending radii, and in operations of deep drawing, should be based on the mini- 

month (cf. Fig.134b). By comparing the data of the two graphs, the most rational 
mum time loss for resetting of the press. 


In selecting the cycle of start-finish of a lot, the cycle of operation of the 


Day of Month 


= ris ie mss 


days 


consumer shop must be taken into account. For example, the workpieces from the mill- 


clt oj Batch, 


t 


i ‘ing department are delivered to the stamping shop, which handles monthly lots. Con- 


m 


sequently, there is no sense for the milling department to handle smaller lots. 
The processing shops of an aircraft building enterprise are distinguished by a 


large production list of parts. In setting up a monthly plan for these, the produc- 


tion list and the number of parts assigned to the work stations are taken into 


account, 


For sections with an extensive and inconstant production list of parts, the 


production and dispatching office of the shop sets up a monthly plan-graph showing 


the parts (or units) to be produced in each decade of the month. At the same time, 


Tart] 7 
a a 


the size of the lot, in absolute and series count, is indicated for each part. The Drilling Part A*J-DIT|Toct | 
SEES Ie DC HDI] | eee a 

foreman further refines the output of the parts by days and shifts of the decade Fitting Bench a! 
d peo I d bij ere «ITUR OIL OD LLL 


starting from the supply of materials and tools for the decade plan of the depart- 6) 


ment. Fig.134 - Matched Graphs 


There is also a different method of preparing the monthly calendar plans, which a - Primary; b - Auxiliary 


is the one usually recommended in the literature. Under this method, the production 
: version of start-output is found, at which a short batch cycle is at the same time 
and dispatching office indicates to each department of the shop, not the decade but 
a associated with high equipment loading. In setting up the graphs, the piece time and 
the days of the month, on which the lots or parts of each designation are to be de- | 
; : A : setup-cleanout time per lot are taken into account. 
livered. To distribute the entire production list of parts of a department over the 1 : 
i For the product-process and chain sections, specialized to handle a small pro- 
days of the month, the production and dispatching office sets up a plan-graph on the ! 
l i : l . duction list of typical parts, the monthly plan-graph is prepared in the form of a 
basis of matched primary and auxiliary graphs. The primary graph indicates, for a 
| ; f standard plan, To work without breaks by such a graph, it is necessary to make care- 
parts lot, the cycle, dates, and period of recurrence of the lot, and also shows | STAT 


ful preparations and to provide each machine tool and each shift with everytlius 
the shifts in which the lot is to be processed, indicating the specific machines of © 
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necessary. 


The monthly plans of the heat-treating shop and the coating shop are prepared 


on the basis of the monthly graphs of delivery of production by the delivering shops. s 


From these graphs the production and dispatching office selects the delivery dates of 
lots of parts for the heat-treatment shop or the coating shop, and aligns them, ,in 
time, so as to ensure uniform loading of the furnaces, baths, and chambers. A simp- 
lified method may also be used in preparing the plan. Here the planning and produc- 
tion department of the shop sets up planned standard periods of processing a lot of 
parts (or of their typical representatives) by the heat-treatment or other intermed- 
iate shop. These standards are expressed in shifts and hours. According to how these 
standard periods are met by the intermediate shop, it can be determined how they meet 
the deadlines for processing the lots. 

In the shops of the unit, major, preliminary, and final assembly shops, the pro- 
duction list of the articles is rigidly assigned to the section, and the chain and 
line forms of work organization predominate. Monthly plan-graphs for the assembly 
sections are prepared in the form of a standard plan for multiproduct sections at 
which the units are assembled in lots; and in the form of a daily graph of product 
output for sections with a small production list. 

The program assignment for the plan month is issued to the shops by the plan- 
ning and productiori department not later than the 25th or 26th of the current month. 
During the period from the 1st to the 3rd of the plan month, the plan is refined. 

Shift-day planning is the final and concluding stage of intraplant planning. 

The primary task of shift-day planning is to familiarize each workman with the State 
plan, to organize coordinated and cito work at the work stations, and to fulfill 
the plan for each work station during each shift. 

The monthly program: of a section is detailed by the planner, under the instruc- 


‘tions of the senior foreman, for each shift foreman, for each work station, and for 


each shift (Table 106). A shift assignment of a section, in two-shift operation, 
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should amount to not less than 1/50 of the monthly plan for starting parts in pro- 
duction and for delivery of the finished production by the section. 
The timely start of a lot of parts into production, in conjunction with the 


timely and careful preparation of the shift assignment for each work station, is a 


Table 106 


for Shift 


Shift Assignment to Foreman 195_ 
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guarantee for the sucessful operation, of the section and represents the best method 
of coping with the 'boom-slump! pattern of irregular work, For this reason, parti- 
cular attention must be paid to the supply and preparation of each work station for 
each shift. The shift-day assignment of the section is delivered by the dispatcher 
to the material warehouse and tool crib of the shop, and to the shop machinist for 
preparing the work stations for the following shift. At the end of the shift, the 
shift foreman report to the senior foreman who, in turn, reports to the shop super- 
intendent in he fulfillment of the shift-day plan. 

The primary record, in series production, is kept according to a number of'in- 
dices. The record of work performed during the shift is kept for each section on 
the basis of the shift assignments, attested by the foreman and the epet ^D the 
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shop inspection office. The results of the output for the shift of each worker is 
entered by the planner in the graph of the record of the setwise performance of the 
program by the shift foreman, indicating the causes of, and the specific persons re- 
sponsible for, the nonfulfillment of the shift assignment at individual work sta- 
tions. At advanced plants, the shift-day assignments and the record of their ful- 


fillment are combined with the work order. Such a record indicates the degree of 


Graphic Record of Delivery of Parts by Shop No. 
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Delivery of process sets (T.K.) to Consumer Shop According to Plan 
Actual delivery of parts to stockroom of own shop 
Actual delivery of parts to consumer shop 


Fig.135 - Graph of Record of Delivery of Part 


by a Shop 


rhythm in the operation of individual workmen, and of the section as a whole, over 
the course of a month, and, accordingly, may be used in establishing the amount of 
the bonus for fulfillment of the shift-dally assignments. | 

The record of performance of the monthly production program is kept in the shop 
with respect to the following principal indices: amount and set-completeness of 


commodity production, volume of gross production, and rhythm of fulfillment of the 
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program. The record of fulfillment of the plan on commodity production by the shop 
= with respect to amount and set-completeness is reflected in graphs (Fig.135), filled 
0 out on the basis of the delivery vouchers. The record of fulfillment of the programs 
for gross production and for rhythm of operation is kept in standard-hours for each 
day, and in cumulative totals from the beginning of the month for each department and 
section, on the basis of the shift assignments, witnessed by the foreman and inspec- 


tor of the shop inspection office (Fig.136). 
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Fig.136 - Graph of Record of Delivery of Production, in Cumulative 


0 Vi 68310 


Totals 
a) Labor cost in standard-hours; b) Days of month; c) Monthly plan; 


d) Plan; e) Actual delivery of production 


i $ i 
The record of the supply of the shop with materials, parts, and component fin- 


ished articles needed to complete the set is kept in the shop stores on the basis of 
record cards, and in the production and dispatching office of “the. shop on the basis 
of the graph of setwise provision. The account card is kept separately for STAT 


y ^ 
© type-size of material, or for each part or unit, and shows their intake and outgo. 
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The record of spoilage is kept on the basis of spoilage notices and of summar- 
ies of spoilage for the day. The record of stoppages is kept from the stoppage 
sheets. The record of work in process is kept on the basis of the record charts for 
each part-operation, with a periodic verification of the physical existence of the 
work in process by means of an inventory. 

The record of arrival and departure of workmen is kept, under a centralized 
procedure, by time keepers stationed in the corridors. 

The primary documentation used in the shop, in operative planning in series 
production, includes a number of documents. 

The work order (work card) serves as the document for finalizing the wages of 
the workmen. The work order is made out by the work-order clerk of the production 
and dispatching office of the shop for each workman, for each form of work indicated 
in the shift assignment. Such an unwieldy system complicates the calculations. For 
this reason, advanced shops use weekly bi-weekly cumulative work orders in which only 
the new work is entered every month. 

The route sheet is a means of recording parts in a lot and does not replace the 
work order. The route sheet in the fabricating and processing shops is made out for 
each lot of parts and accompanies it from the first operation to the last. Table 107 
gives the form of the route sheet. The route sheet gives the quantity of materials, 
workpieces or parts put into process, and the inspector indicates the operator by 
whom the operations have been performed, the number of parts processed, and the num- 
ber rejected. The parts finished in the processing and accepted by the inspection 
service are delivered to the warehouse together with the route sheet, on which the 
number of parts delivered is entered. The information on the output is transcribed 
by the record clerk, from the route sheets, into the cumulative work orders of the 
operators and into the route ticket in which the work in process is recorded (by 
parts for each shift), together with the time of useful work and the time loss of. 


each operator. One of the plants in the fabricating-stamping shops has into Aled 


790 


721 STAT 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 | 


a plan-card for repeated use in place of route sheets which are used only once. This 


has reduced the amount of work of the machine computing station by one million opera- 


tions a month. 
The report on the shift output is a document recording the output of the work 
of the operators of a section. The report may, at the same time, serve as the pri- 


mary document for computing the wages of the operators. The basis for preparation 


_ of the report is the shift assignment of the section and the route sheets "selected 


for it. The shift assignment-report is made out by the work-order clerk of the pro- 
duction and dispatching office at the same time he makes out the work orders or the 
route sheet. The shift report, finalized by the foreman and inspector, is returned 
to the work-order clerk who enters the report in the control record book of program 
fulfillment. The control reports are recorded by series and numbers of the aircraft, 
which prevents cases of double entry and payment of shift reports for one and the 
same work, The shift report is delivered from the production and dispatching office 
to the shop labor organization office for checking the standards and rates and goes 
from there to the accounting office for payment. 

The intershop work order serves to finalize and record the parts delivered for 
intermediate processing to other shops. 


The youcher-report finalizes the delivery of finished products by the shop. 


The rating plate or sheet is made out in assembly shops for each newly assembled 


major component or complete aircraft. The number on the rating sheet corresponds 
to the number of the aircraft series. The forms for the rating sheet are printed 
in the print shop from a sample route sheet, prepared and witnessed by the techno- 
logical and control offices of the shop. The identification sheet is issued to the 
foreman against SacelbE. The bosses of the crews performing the installations and 


the inspectors accepting thé installations of the major component must sign the 


rating sheet. When the assembly of the major component (or aircraft) has been com . 


pleted, the rating sheet is finalized by the foreman and returned to the production 


792 


Declassified in Part - Sanitized Copy Approved for Release 
/ 


is 


Aye ud 


"ria PER S CP 


Vou erat 


CAS 


—" 


€— 
> 


Renin cee eA D 


E 
Ee 
1 
M. 
i‘ 
y 
d 
EA 
YA 
C 
a 
EN 
id 
4 
re 
dE 
E 
E 
E 
A 
[E 
x 
a 
p 


@ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


9 


and dispatching office for entry in the daily report on the completion of work by 
major components. The rating sheet is then delivered for safekeeping to the shop 
inspection office. 


Section h. Calendar Planning of Mass Production 


In mass production, the operative planning of starts and outputs is conducted 
for each part to ensure uninterrupted operation of the production lines and rhythmic 
output of the aircraft. 

The standard-calendar estimates in mass-line production include establishing 
the pace of the production line, regulation of its work, of the standard of work in 
process in the form of intraline and interline manufacturing reserves, and of the 
cycle of the article. 

Intraline reserves are stored on the production line and are divided into tech- 
nological, transport, turnover, and emergency reserves, 

The technological reserve is necessary for a simultaneous beginning of work at 
all work stations of the production line, and consists of the supply of workpieces, 
parts, and units directly in processing or inspection at the work stations of the 
line. 

To start work simultaneously, it is necessary to have at least one workpiece at 
each work station of the production line. The technological reserve, once formed at 
the beginning of the development of the line, is later constantly self-renewing. 

At the end of a shift there remains at least one workpiece at each work station, 
which ensures a simultaneous beginning of work in the following shift at all work 


stations. The size of the technological reserve may be calculated by the formula 


m 


2 N n 


Zech ^ 1 WeS 


where m is the number of operations in the line; 


; ; STAT 
Ny E 4s the number of work stations per operation; 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/06/03 : CIA-RDP81-01043R002600160003-9 


793 STAT 


MATT Soa A monos 


aa ari i 


a TIO e eN A OT Map Y n t E EE Se t am ns 


Declassified in Part - Sanitized Copy Approved for Release 


n is the number of parts simultaneously delivered from one work station to 
the next. " 
The transportation intraline reserve is the supply of parts on the transport 9) 
facilities between the adjacent work stations of the line. This reserve makes it 
unnecessary for the operator to keep constantly track of whether the part has arrived 
in proper time from the preceding work station. The size of the reserve, when the 


line works on a conveyor or transporter, is calculated by the formula 
zo nm n, 
l 


where L is the length of conveyor; 

l is the distance between centers of two assembly zones or objects; 

n is the number of parts on the section of conveyor between two assembly zones. 

The turnover (replenishing) reserve between two adjacent operations is necessary 
for maximum loading of the work stations that have an operating time considerably 
shorter than the pace of the line. The extent of this reserve Z, is calculated by 


the formula v 
git t 
ta t 


where T is the operating period of adjacent machine tools, other conditions being 
equal (shift, half-shift); 
Cy is the number of machine tools on the pación with the shorter operating " 
time; 
t is the working time of the short operation; 
Cy is the number of machine tools performing the operation with the longer 
- working time;. 
t, is the working time of the longer operation, 
Example. On a line with a pace of 20 min, the length of the 6*à operation 
is 20 min and that of the 7th operation 10 min. Under these conditions, the reserve 


for the shift before the qth operation is equal to ð l 
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The turnover reserve, once set up, is automatically replenished in each subse- 
quent shift. 

The emergency (stand-by) reserve is necessary when the equipment is taken out 
of service for routine maintenance, when spoilage occurs, and in cases where the 
parts are processed on a single equipment. Advanced enterprises build up emergency 
reserves only for the time when the equipment is taken out of service for routine 
maintenance. Even this reserve may be dispensed with if the maintenance of the 
equipment is handled at the end of the production line, or during a special prepar- 
atory shift. The next production line may be supplied from the interline reserve. 


The total value of the intraline reserve Ztot of the production line is equal to 


Ztot : Ze ech * A urane id Zo T Ze 


Interline (intershop) reserves consist of the stockroom supplies and, accord- 
ing to purpose, are divided into transport, turnover, and emergency (stand-by). 

The transport interline reserve is required for a timely delivery of parts 
from one production line to the next, and consists of the supply of parts on the 
transport facility connecting either two adjacent production lines, or a warehouse 
with a production line. The size of the intershop transport reserve is calculated: 

a) When the lines are connected by a continuous transport facility, by the i 
formla j 
an 

i 


Ztr.int 2 


where n is the coefficient of utilization of transport with respect to the load; 


b) When the lines are connected by an intermittent transport facility, by the 


formula 
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where Rip is the interval of transport trips between the lines; 
r is the pace of the delivering line; 
Qtr is the load-carrying capacity of the transport facility, in units. 


An interline turnover (stock) reserve is necessary when the number of shifts 


operated by adjacent lines differs and when parts are delivered to a production line 
from a series section. 
When adjacent production lines work a different number of shifts, the interline 


turnover reserve Z; jy is calculated by the formula 


Zi int ^ "part (Sor - San) 


where N part is the shift program of the production line working a greater number 


of shifts; 
Sgr is the number of shifts on a line working the greater number of shifts; 
Sgn is the number of shifts on a line operating the smaller number of 
shifts. 

On delivery of parts or workpieces to a production line from a series depart- 
ment, it is important to know the lot size and the starting interval between lots 
of parts in the series sections For instance, if a workpiece is started twice a 
mohth in semimonthly lots in a series section of the forging shop, then the produc- 
tion line of the machine shop processing these rough forgings must have a supply 
to last at least two weeks. Consequently, the size of the interline turnover re- 


serve for the production line, when the parts are delivered from series sections, 


is equal to 
Z int =R Mos 


where R is the period of time between the deliveries of two lots from a series 
séction, expressed in shifts; 


ng is the number of parts required by the production line. 


The interline emergency (stand-by) reserve is formed between production lines 
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to take care of any increase in their productivity or of any delay in the delivery 
of workpieces, parts, units, from the feeding production line or series section. 


The size of the interline emergency reserves is calculated by the formula 


zt tres 
em.int r 
where tres is the reserve time for deviation from the plan and pace, in minutes. 
This time is taken as equal to: 1) for a reserve between lines in the same 
shop, up to 1/2 shift; 2) fora reserve between processing and assembly shops, from 


1 to 4 shifts; 3) for a reserve between the fabricating and processing shops, from 


2 to 10 shifts (Bib1.30). 


The total value of the interline reserves is equal to their sum: 


Zeotint 7 Ztr int * ?t.int * Zem.int 


The interline reserves are kept either in the warehouses or on platforms in 
front of the first operation of the “production line. 
The length of the processing cycle of a part (or the length of the assembly of 


a unit) on a production line, with piecewise delivery from operation to operation, 


is determined by the formula 


rem 
y mg t 


where r is the pace of the production line, in min; 
m is the number of operations on the production line. 
The length of the processing cycle of a part (or the length of the assembly of 
a unit) on a production line, when the parts are delivered in transport lots, will 


be equal to 


a) For synchronized operations: 


b) For unsynchronized operations: 
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Cy = (n-p) ——— mp main + Z ng k o meo 
r int k 1 Ny int Tk? TkS 


The mont operativ ar of production output is prepared for the 
primary shops by the planning and production department, on the basis of the quar- 
terly assignment, corrected for the results of the fulfillment of the program for 
the past month, the obligations additionally included in the plan of the enterprise, 
and the data of the operative record on the change in manufacturing reserves. 

The monthly program of the shop is calculated for each part designation by the 
chain method, in an order opposite to the course of the manufacturing process. The 


program is calculated for each production line, for output and for starts. The 


output program of the production line Nout is calculated by the formula 


Nout = N tart iS Nada s CAM sen ^ Zint s act) 


where N tart is the program of start of the production line process in the course 
of the manufacturing process, in units; 

N dd is the additional assignment for production of the production line of 
parts (units, etc.) going into spare parts or into the finished pro- 
duction of the enterprise; 

j Zint s is the normal size of interline (intershop) reserve at the end of the 
plan month, in units; 
Zint sak is the actual size of the interline reserve at the beginning of the 
plan month, in units. 
The program of production output of the production line of the producer is 
subordinated to, making due provision for the program of output of the consumer- 


production line. d 


The program of Bue of the production line N tart 19 calculated by the formula 


N N 


start ~ “out * Zn 7 24 act) + rej 
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e 


p 
i 


where Z, , is the normal size of the intraline reserve, in units; 


Z is the actual size of the intraline reserve, in units; 


lact 


Noe is the number of possible rejects on the line. 


The program of starts of the production line is subordinated to providing for 


the uninterrupted output of the production of this line. 

In this way, the calculations are conducted for each shop or production line, 
running from the assembly shops to the processing shops, from the processing shops 
to the fabricating shops. The program of starts of the processing shops is an 
assignment to the material warehouses to provide the production with materials. 
Table 108 gives a schedule of the estimate of the monthly program of the shops by 
the chain method, on the basis of the formulas presented. This estimate ensures 
the mutual coordination between the programs of the shops and is used under the 
conditions of normal operation of mass production. 

The calendar distribution of the program by days of the plan month consists in 
establishing the daily assignment for starts and output of objects of each designa- 
tion. This assignment may provide for uniform output of production by days or 
months, or for stepwise-increasing output by ten-day periods or weeks of the month. 
In the latter case, each decade establishes its own shift-day output, and conse- 
quently, also its om production-line pace. Those sections of mass production where 
the parts are processed in lots receive a program indicating the size of the lots : 
for each part and the dates of their output. 

Intrashop Operative Planning. 


receive a program from the planning and production department in the form of a 


‘In mass production, the major assembly shops 


graph of the shift-day output of major components; the processing shops receive 
their program in the form of a calendar graph of starts and output of each part in- 
creased by days of the month. The role of the production and dispatching office of 
the shop consists in detailing the program for the production lines of the shop. 


STAT 
The shift-day assignments in line production with a uniform output of product 
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during the course of the month are established once, when the program is received. 


*TO *TO j 
{se T° D LZ°T 99 + Li 


[i Ke) 
The results of the performance of the shift assignments are known to the operators doug ur szeg jo enpresy | 8 
UN . . 
from the results of the work of the production line for each hour and each shift. © $ MERER Hec e a N 


doyg jo 
ƏAIƏSIY JO S3urimjoegnueg Tengoy |K 


The work on the production line is organized according to an hourly graph. The re- 


cord of the line's work in an hourly graph makes it possible for the dispatcher, Jo eAiesey 3urpinjoejnueg Tenon | 38 


ET) + CC 10D + 
+ 6T*T09) doug 3ur210; jo mamo 


T 
e. 
O 
2) 
l 


foreman and operator to follow, hour by hour, the course of the fulfillment of the = 


Estimate of Output and Starts of 
Forgings in the Forging Shop* 


hift assi t : : | D SeoInog apts |[— 
8 ssignment, rapidly to detect any lag, and to take measures to eliminate such | $ -4m0 qe sgur3zog u3noy Jo 4nd4no 2 
o0 
a lag. The organizati ft i E “1073 07* 
g ganization of the work on an hourly graph disciplines the work of the 3 CAES Ed 02-123 a 9 
line. = | 5 19095 ur SÍUT3IOJ JO dares 
| & -9y Supmjoegnuey TEFIFUI Tenzoy | N 
The output of all work stations of the production line for the shift is recorded bes 49095 ur SI3UTIJOS | 
| D JO sAlesay 2urinjo9ejnuey TeULION R 
by the number of parts accepted by the inspector from the last operation, The i E gT*TOD + LT*TOD + em 
e | 9 + "II'I00) Surupyory ur sqrejg | = 
acceptance of the production is finalized by a delivery voucher, on whose basis the | 3 eo 
3 g doys ur $183 jo enprsey | ^ 
report clerk enters the quantity of production accepted for the shift in the sched- Q JL TPO 3ST T09) SOUS UT SASSY] 
t 8 2 E Suri3oegnuejy JO 2ÍUEY) 107 porrnbag| = a 
ul f t AUG a, 
e of the output record of the workman of that shift. The total output of the | E 3 dS x: Jo eAiesey Surmn4oejnueg Temoy | & 2 
workman of the lines for t is pin-poi i i = | 4 ce doug jo 
o. e es for the month is pin-pointed by inventories of the actual bal e | e E 3 CET ealesey Supinjoegnueg SUP] T[euiog 2 
ances of the production reserve at their work stations on the first day of each | Y E E (ET"TOD + ZT°TOD + 3 
[^ Ba + 6*T09) doug auryoery Jo qnd4no E 
month. The data of the inventory are compared with the data of the operative or | a SK. $31eg eredg Jog 5 
G4 
accounting method. F i i : a o. IWTODFOT*TOD) ADOIS JO eAdesey Sur a 
ccc g i od or this purpose, the production accepted from the line during | H 2 A m Se RUE, 2 Saena o ao. E 
the month and t i i | E ? 49095 UT SIP S 
and the spoilage finalized during que same period, are deducted from the | 8 A E jo eA1esey Surpinjoegnueg [enjoy | = Bo 
number of workpieces started on the line during the course of the month. The book S a H0095 VEEL | S 
| EN o eAIasey Zurinjoejnuey Teuton | = hal 
balance must be equal to th t b «E. i id 2109 + L'190 + 7*T09) | y E 
qu e actual balance, i.e., to the inventory data. If they | 2 P Pe Arquessy SM iden 207 LS o 3 
do agree, this means that the output for the month has been correctly shown. When | E LE doug ur SqIeg Jo enprsej | æ £ 
| : P 9 o *TO)+$*T0)) doug UT eAdesog Sut ii 
uniform operations on a conveyor line are performed by several workmen, the opera- | a er ingousnirey 9 e3ueyo Joy poatmboy y n 
: ) 4 0 p douc o 
tive record is accomplished by the aid of checks, The workman has a set of checks P E 23 jo eA1eseu Supinjoeguueg [enjoy p 
2 E et h 
and puts his check on the conveyor together with the part he has processed. The 3 AS doug jo 9419894 SUPT TRULION 3 
ES nu paonpor E 
inspector accepting the part puts the checks into special cash-boxes. The record E a ane 9q 03 FFPIOMTY TLV 204 zoqumj : 
; qje1o1Ty 197 tequmy | 4, 3 
clerk or distributing clerks of the section periodically removes the checks from So. 
qeq Jo uoTzeustseq | a ST AT 
the cash box, counts them, and enters the output in the personal account card of $ di "ON HP] 4 
* 
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the workmen. 


The control over the course of production is accomplished by the planning and 


dispatching system for the given operative record, and consists in control over the e 


condition of the manufacturing reserves, over the fulfillment of the plan by each 
line, and over its uninterrupted supply with workpieces, parts, and tools. The out- 
put of the production in each line is noted on graphs kept by the record group of 
the: planning and production department, the dispatcher of the shop, and the foreman 
of the line. The graph indicates the output of production, by hours or by days, in 
cumulative totals. The record of receipt of workpieces on the line and the delivery 
of finished parts from the line is finalized by vouchers or by route stubs. The 
record of spoilage is handled from the spoilage notices and the record of stoppages, 
from the stoppage sheets. The record data on the balances of manufacturing reserves 


are verified by an inventory at each end of the month. 


Section 5. The Dispatcherizing of Production 


Y 
H 
e 


The dispatcher system consists in the continuous control over the preparation 
for production and its flow as well as in current operative dispositions to ensure 
a rhythmic production flow and production output according to the established 
graph. The basic principles of the dispatcher system are: planning, operativeness, 
and centralization. 

Planning is expressed in conducting the dispatcher system on the basis of 
monthly and shift-day plans. The planning of the dispatcher system involves the 
use of preventive measures that permit no deviations from the plan, the ensurance 
of timeliness of provision of the work stations with materials, tools and mainten- 
ance, and the observance of the starting and output times of the batches. 

` The operátiveness of the dispatcher service consists in effecting a systematic - 


control over the course of the productive process, in inmediately eliminating any 


deviations noted or formed in the normal course of production, and in coordinating o 
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the operation of the shops. Each shop must operate with a lead over the shop that 


follows it in the flow sheet, so as to ensure delivery of parts and units not later 


than the times established by the delivery graph. The operativeness of the dispatcher 


system is based on the concreteness of management and the wide information on the 
status of work in every unit of the enterprise. 

The centralization of the dispatcher system consists in its conduct from a single 
center, the dispatcher department, and in all units of the production, obeying a 
single purpose, namely the fulfillment by the enterprise of the shift-day assignment 
for the output of finished production. 

The dispositions taken by the chief or shift dispatcher of the enterprise to 
re-establish the original plan in case of any deviations, or to prevent the appear- 
ance of such deviations, are binding on all shop superintendents and department sup- 
erintendents of the enterprise; within the shop, the corresponding dispositions of 
the chief of the production and dispatcher office are likewise binding. 


The control over the production flow begins with a determination of the supply 
for the program of starts. This control is effected by the dispatcher department 
through the dispatcher system of the auxiliary shops and through the plantwide ser- 
vices, according to the graphs of delivery of the tooling, of the equipment mainten- 
ance, and of the arrival of materials at the primary producing shops. 

In mass production and large-lot production, with the Gentibus starting of 
one and the same articles, the dispatcher control of the primary production is 
accomplished by the aid of shift and hourly graphs of the starts and production 
output. 

The operative control in series production.is effected by the dispatcher on 
the basis of the calendar graph of assembly and of the daily graphs for the leading 
production list. 

In piece production, the dispatcher service controls the performance of the 


STAT 
production flow by the aid of record cards kept for each order. 
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Besides the control over fulfillment of the program by each shop, tle dispat- 


daybook in which he enters all inquiries and all dispositions issued to the shops, 


cher system also effects control over the intershop transfers and the status of the and notes the measures whose fulfillment must be verified. The assistant of the 


manufacturing reserves in production. In mass production, this is realized by means o 9 dispatcher on duty is the operator who deputizes for the dispatcher while the latter 
of the standar scheduling of deliveries; in series production, by means of the l is making his round of the shops. l 

gaiena plan of starts and output of parts lots and of the set-completion graph; 
and, in piece production, by ihe aid of identification tags for each order. 

In an aircraft construction enterprise, the leading production list is used by 
the dispatcher for keeping his graph of the shift-by-shift supply of the shop with 
| l the necessary assemblies or process sets. Figure 137 shows, as an example, a graph 
from which the chief dispatcher daily records and controls the placement of the 


aircraft on the main conveyor, the delivery of aircraft to the airfield, tests at 


the airfield, and shipment of the production to the purchaser. ) 
| 24681012 M 16 18 20 2224 26 28 BD 
The operative disposition consists in a coordination of the shift-day assign- 


ments, in the verification of their supply with all that is necessary, in the con- 
Fig.137 - Graph of Record of Delivery of Finished Product 
trol and record of their fulfillment, in the detection and elimination of deviations S 
: e ° & a) Number of aircraft; b) On main conveyor; c) In test; d) In ship- 
| from the shift-daily assignments. ; 
| ment; e) Assembly plan; f) Start on main conveyor; g) Actual delivery 
The operative disposition over. production is effected by the dispatcher system 
| from assembly; h) Tested and delivered; i) Actually shipped; 


| 
: on the basis of the shift-day plan which is prepared on the scale of the entire 
| j) Shipping plan 
l 


enterprise by the chief dispatcher; on the scale of a shop, by the chief of the 


production and dispatcher office; and on the scale of the departments, by the i There is a dispatcher service in the organization of each shop. The shift 


planner-dispatcher, and is approved in each unit by the production superintendent, dispatcher of the shop checks the flow of the preparations for the performance of 


shop superintendent, and senior foreman concerned. the work indicated in the graph and the performance of this work; takes measures to 
e Organization of the Dispatcher's Work. The dispatcher department has a central prevent any breaks in the plan; accepts instructions from the central dispatcher 
| dispatcher desk (Fig.138), attended by dispatchers and operators. The enterprise y desk; and reports to the enterprise dispatcher on duty on the course of the fulfill- 
i dispatcher on duty maintains constant contact, through the plantwide switchboard, ment of the shift-day plan for his shop. 
: with the shop dispatchers, controls the course of the fulfillment of the shift-day » . In large dup departments there are planner-dispatchers whose duties include 
| plan by shops, receives current information from the shops and services, and issues  ' the preparation of the shift-day assignments, the distribution of the assignments 
the necessary instructions to then. The dispatcher on duty keeps the dispatcher - o @ over the work stations, the preparation of the hourly graphs, and the opera'9 TAT 
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These tasks are performed by the planner-dispatcher under 


preparation of production. 


the direction of the senior foreman. 


The production superintendent and the chief dispatcher conduct dispatcher con- 
ferences with the superintendents of the shops and services, at which the course of 
the fulfillment of the monthly plan-graph is considered. The same type of instructive 
conferences are held at the shop by the shop superintendent and the foremen. The 


preparation of the materials and topics for the conference is handled by the dis- 


patcher system. 


; : 
| | 
H aa tios: 


3 IA 
L gum RES 


Fig.138 - View of Central Dispatcher Desk 


Technica] Management Facilities. To save time in operative calendar planning, 
wide use is made of mechanization means and graphs. For example, to estimate the 
size of the lots, is reserves, cycles, and leads, the use of nomograms, 
Tables, and computers is recommended. 

To estimate the equipment loading, the use of nomograms with sliding scales, - 
billing machines, printing computers, and analytic computers is suggested. 


For preparation of the requisitions for materials and tools, the use of 


production-list-addressing machines and billing machines is recommended. 
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For calculating the productive programs and the corresponding volume-calendar 


estimates, printing computers and analytic computers are used. 


To link the dispatcher with the shops, departments, and stores, plantwide 


switchboards are used. Over such a switchboard, the dispatcher can talk simultan- 


eously with several shops and can hold plantwide dispatcher conferences. The direc- 


tor, chief engineer, and other managers of the enterprise have desk switchboards 


which serve for prompt and direct two-way communication with the subscriber, and for 


simultaneous conversations with two or three stations. 


For automatic recording of the flow of the productive process, automatic com- 


puters are used at enterprises with mass production or large-lot production. The 


data on the numbers of accepted and rejected products are constantly fed from the 


counters to the recording board of the central dispatching office, throughout the 


entire shift. Where the acceptance of the production is not handled by automatics, 


the inspection point is connected by a direct line with the central dispatcher's 


office, which also systematically receives information on the number and designations 


of the production accepted. The dispatcher desks at the shops and at the main ware- 


houses of the enterprise are provided with means of communication and recording. 


The development of television and automation opens great possibilities for automation 


of the operator control and for remote control óf the production process flow. 
Productive Stockrooms. The productive stockrooms are under the direct control 
of the planning and dispatching departments. In accordance with their Sdbordinkbiak 
and the service scale of the production, such stockrooms are divided into intershop, 
shop, and section. 
Intershop stockrooms are designed to store erakon manufacturing reserves, 
especially emergency reserves, and mainly supply the assembly shops with such re- 
Such stockrooms include the central storage of standard pàrts, which is 


serves. 


| usually under the chief dispatcher. 


|^ 
L 


l STAT 
The shop stockrooms are divided into material, set, intermediate, and finished- 
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product stores, Material stockrooms are set up at all shops receiving materials, 


record cards, Sometimes the racks are grouped by consumer shops. 


forgings, castings and stampings from the central material warehouses. The function The parts and units are delivered to the consumer shop with delivery vouchers. 


of the stockroom is to receive, store, and record materials, forgings, castings, and 0 The section or intermediate stockrooms (PROSK) are organized for storing the 


stampings and to issue them to the work stations in acuordance with the shift-day 


iuteroperation manufacturing reserves needing further treatment in the given section, 


assignment. or for delivery to a different section of the shop, or to a different shop, to per- 


rU 


Set stockrooms are established in the machine-assembly, fitting-assembly, and form such operations as heat treatment, coating, etc. 


finishing shops. The clerk of the intermediate stockroom accepts such a lot of parts or units, 


The function of the set stockroom is to receive parts from the sections of its 


PE aed 


not yet completely processed, together with the routing documentation, a route sheet, 


shop or from other shops, to make these parts up into process sets, and to deliver or shift report of the inspector. The lot accepted is placed in the rack of the 


such sets to the assembly department of its own shop or another shop. The set stock- shift boss from whom it was received. 


rooms in the fabricating and machine-assembly shops work in this same way. In the 


The stockroom clerk prepares the lot for issue from the stockroom on the basis 


heat-treating shop, the set stockrooms receives lots of parts from the machine shop of the shift-day assignment of the senior foreman and places the lot of parts in the 


and makes them up into sets in accordance with the shift-day assignment and the rack of the shift foreman who is to handle the treatment of these parts. The lot of 


throughput capacity of the furnaces. After the heat treatment, the stockroom again 


parts is accompanied by the same documents on which it entered the stockroom. One 


makes up sets of the parts into the same lots in which they were received from the 


of the most important functions of the clerk of an intermediate stockroom is to 


machine shops. 


check the set-completeness of the lots and their timely start-up. On the basis of 


The finished-product stockrooms (shop shipping departments) are organized in the shift-day assignment, the stockroom clerk supplies each work station with its 


the shops to store the parts or units whose processing has been finished in the material, In this case, the first shift of the stockroom prepares the work stations 


shop and which are to be delivered to the store of & consumer shop, or to the central for the second shift, and handles the current servicing of the first shift, while 


store of standard parts, 


the second shift handles the preparation of the work stations for the first shift, 


The finished production is accepted by the store from tne production sections and handles the current servicing of the second shift. It is expedient to make the 


of the shop on delivery vouchers signed by the foreman and inspector of the section. wages of the foreman dependent on the timely supply of materials and semifinished 


One copy of the voucher is delivered to the production and dispatcher office of the goods to the work stations. 


shop for recording the fulfillment of the program by the sections, while the second 


The parts or units are stored in the stockroom on racks with shelves, cubby- 
holes, or boxes, containing plates with the number of the part or unit stored there. 


I 
| 
| 
| copy remains at the stockroom. 
| The racks, shelves, and cubbyholes are given serial numbers which are shown on the 
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